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or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto. -
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! PREFACE

L
Thias is Volume II of-&wo separately bound volumes that report the
research completed undex éhe general terms of the Office of Civil Defense
Subtask No. 3233B, "Radiological Recovery Concepts, Requirements and
Structures.' This volmne-describeu' five supporting studies all previously
reported to the Office oﬁ Civil Defense in research memoranda, Volume I
describes the general aaéects of the investigations and presents the '
conclusions and recommeﬁ;ations. The abatract for each of the volumes
is presented on the following pages.
The authors are pleased to acknowledge the valuable computer assistance
of Mr, Quentin Ludgin of the Réaearch Triangle Institute during the course

of the projeck,
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ABSTRACT FOR VOLUME 1

This study examines the effectiveness and costs sssocisted with the
application of decontamination to accelerating recovery of an activity
in a postattack fallout enviromment. The effectiveneas is measured in
two ways: firat, by the fractional reduction in dose rate that cgn be-
achieved by decontamination, and second, when the dose received during the
activity is apecified, by the fractioral reduction in denial time that
can be achleved by decontamination. The costsare described in terms of
the perasonnel and equipment required for the decontamination, the radia-
tion doses received by the persommel, m"id the water requirn_d by the oporatiaﬁ;
The recovery of an activity is defined in terms of rldiatidn doses received
by the activity perascnnel in performing the activity. When thesae doses
are reduced to an acceptable safety level by reducing the dose rate in
the activity area, the activity is said to be recovered. The above dode
congtrainta are cxpressed both in terms of the maximum total doa; and in
terms of the maximum equivalent residual dose, The primary con@lueion
reached, that decontamination is a8 vital to recovery as sheltets are to
survival in a fallout environment, in the basis for recommending further

studies analyzing the application of decontamination to integrated whole-city

recovery.

iv
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ABSYRACT FOB. VOLUME II

Volume II comtaine five studies cdneexned with détermining the cosis

{i

and effectiveness of decontamination aﬁilied to postattack reqavﬁry in a

fallout enviromment. Thege studies cover the followins subjects: o

(1) The Effect of Barly Decontami astion on Total: noae- This study

describes the effect of a single (discrete) reduction ln radiation 1ncenlity

«1.2

(as by decontamination) on an individual's dose history in a t radiation = -~

field;

(2) The Effect of Early Decontamination on ERD: This analysis is like
the first in describing the effect of a single raduction in radiation 1ntanuicyi

except that an individual's dose is measured in terms of his ERD;

(3) Total Dose Approximations for Brief Exposure in & Fallout Envirorm g
Tvo approximations to the expression used to calculate total doge for a finite

exposure time in a t'k radiation field are developed and the resultant error is

extimated. The approximations are then used to,dateémine the earliiest time of
entry (for a fixed allowable dose) when a countermaasure operations such as
decontamination is employed; :?

(4) ZIhe Effectiveneas of Radiological cbunteggenlurea in Ageglgggtigg -

Postattack Recovery: Thias study develops the parametric relationships that

determine the extent to which radiological countermeasures could aceelerate

the postattack recovery process; e.g., time saved in recovering an activity

as a function of the duration of the activity, the time when the activity was
to have commenced, the allowable dose rec%}ved by the activity personnel, the
fallout refercnce intersity, and the effect of dacontamination of the intensity.

(5) Studies of Decontamination Effectivenesa: This analysis is primarily

concerncd with the costs and effectiveness of decontamination on and around

nine NFSS structures, in reducing the dose rate inside or near the structures.
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A parametric amalysis of fictiticue structures ig also included to examine -

certain parameters (floor and wall weights, story of the detector, ﬁﬁn&cﬁ?ii -
and slze of apertures, etc.) in a controlled imanner to datermine their
contribution to dose rate reduction. A similar parametric snalysis is

made of streets and intersections in an urban area.

vi
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Appendix A

The Effect of Early Decontamination on Total Doge

I. INTRODUCTION AND SUMMARY

In a postattack environment, radiation from the radibactive fallout
may be sufficiently hazardous to force a cut back or curtailment 1& cgrugin_
activities 1ﬁv01ving personnel. Fortunately, the hazard posed by tﬁe
radioactivity does not remain invarient but, rather, diminishes with time
as radioactive decay takes place, This process of nnfqral deéay in field
intensity enables the curtailed activity to be resumed at some future time,
which depends on the amount and type of radiocactive material. If it is
desirable or necessary to resume activities baefore sufficient tima has
elapsed for the requisite reduction in intensity to have occurred naturally,
then the intensity must be reduced by other means. Decontaﬁination 18 one
means of forcing such a reduction. This study analyzes the effect of a
forced reduction in the intensity in a facility (which may be the result
of decontaminating on or about the facility) on the total dose of the
personnel within the facility.

In the abaence of a forced reductionm, ﬁhe total dose received by an
individual up to time t 1is the area under Lis intensity vs., time curve up
to time ¢t. Here, the intensity is that within the facility and therefore
the protection factor of the facility is absorbed into the reference
intensity factor I(l). The intensity curve fin this study (Figure A-3)

uses a linear function to describe the buildup of intemsity and the function

- A-1 -
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I(l)t.l'2 to describe the subsequent decay, For any time t, the total
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dose as a function o
presented in Figure A~12, This "normal' total doze {s uped in thn subasguant T
development as a reference, That is, the total dose at some time after
decontamination has been performed will be compared with the “qptmalﬁ'tﬁgil-'
dose that otherwise would have been received up tc ihe sima:tiﬁg.> '
Decontamination enters the analyses as an inatantaneous teduction tn

intensity that takes place at time ty. Before time ty the ineaniity 1. ~

not affected. Fofrqil timgsrlftét time td, the intensity magnitude ig

multiplied by a factox fd whole value 1lies batween zero and one, The

resultant decrease in total dose (for fixed time of arrivai)} will depend ,LE B
on tg, on fd, and in addition, on the tima lfter ty ot which the total ; z
dose is examined, At the conclusion of the analysis, the total dose is

examined at infinity, at two waeki, ind at the time at which the equivalagt
residual dose associated with the 'mormal" total dose is a maximum, Fox

each examination and for various times of arrival, the ratio éf total déaa

with decontamination to normal total dosc is presented as a funceion of

time of decontamination (td) and amount of decnﬁtamination (f;). The effects

of variations in these parameters comprise the primary objectives of this

analysis and are preasented in Figures A-20 through A-26.

In the analysis, fallout arrival times from .2 hours to 10 hours are

congidered. Only times of decontamination operations beginning after the

time at which fallout deposition ceases are considered, Both zero and

finite operation duration times are considered. All possible intensity

reductions are considered. The results are displayed by the ratio of the

- A-2 -
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total dose with the operation to the total dose without the operation. Ths -
ratio is evaluated at specific times :haf are applicable to éﬁi §3}a§_r§§é§iiE“;m
of Interest; for instance, short range (weeks) or iong range Gmonthﬁ)._»‘

Finally a method is presented so that the results can be tpﬁliﬁg”ngﬁhyv ‘;';‘“

desired buildup function.

II., ANALYSIS

The majority of fallout operations studies have used the common fallout
decay law to describe the constraining radioaétive'environment. This decay

law approximates the radiation intensity at a point by 1(1):'1'2, where

I(1) is a reference constant and ¢ ii.the time aftexr detonation in hbﬁ:a. )
This expression is assumed to be valid in descfibing the radiation 1ntéﬁ§ity
at a point from the time at which the fallout deposition is completed to

4000 hours after detonation. In actual operations it is necessary to

consider the effect of natural fallout deposition. Thia gradual butidup

of the fallout field begina at the time of arrival of the first fallout

particles, t

4 Teaches 2 peak in radiation intensity at tp’ and is complatad

when deposition ceases, t.. The resultant behavior of intensity with time
is illustrated in Figure A-1.
Devaney (Reference A-1) references LaRiviare as suggesting the following

approximate relationships among oo tp, and t.:

:p =2t t, < 13 hr. (A-1)

t =5¢ 0.7

. £, <13 hr, (A-2)

Ia addition, he suggests that, between L and tp’ the log intensity increases

- A-3 -
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intensity be applied to the interval of time from t, to tpz

Per et an

E
linsarly with log time. That ias, he suggests the following formulation of ,
where k and I are constante that depend on the particular situstion.
These suggestions provide a useful basis for constructing l"‘t.md;:ali that
includes the effect of t, on operations planning. The time of atrival is
selected for emphasis because: 1) it strongly affects the dose mxn!:h\h
that a community can expect to receive; and 2) it is potentially valuable -

as a reference time from the viewpoint of a community that is about to

schedule recovery opera.ivns., Wich this directicn in mind, it is coavanient

to begin by simplifying the abiove suggestions and combining them into »
fallout intensity model,

Firat, cxamine Equations A-1 and A-2 as displayed by the solid ,linél
in Figure A-2, Rather than use these two equations for tp and t assume
that I:p and tc occur simultaneously and use the breoken line in ngtg A-2
to represent both t:p and t. That is, let tp =t =25 .t‘. 11\@ ‘constant
2.5 18 selected to place the broken line between the solid lines for t, < 10
and thus partially compensate for letting I:p equal £, The resultant
variation of intensity with time is i{llustrated in Figure A-3,

In Figure A-3, the following relation must hold:
I (t-t) = It % when £ = 2.5 ¢ (A-4)
a a ) a _

This equation determines Ia in terms of I(l) and t, as follows:

- A-5 -
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(1) (_2.5:.)'1'2

a 1.51:a

T =222y L e

Equation A-5 and Figure A-3 zombine to define the total doae,' Dt(t) asa

function of time as follows:

t ,
2.2 :
222 £ ! (x-ta) dx for £t <t <2.5¢, _
a
D_(t) 2.5t - . L
<. ~2.2 a , .
(D) 22, (x-ty) dx w-6)
E 2
+ f x 7T dx for £ 22.5 ¢,
2.5t

which reduces to

-2,2 2
A1t (t-t:‘) for t,sts 2.5 ty

i R ! ; ; :
. B i 3 ! . i :
b B .
. . | I
e R D BB EE T W I

I"U
”~
3]
~
| ]

A=7)

L]
~
(o)
g

0.2

0.2 T for t 2 2.3 t,

4.411:a =5t

wis expression for total dose” will be used in the subssquent discussion,
It wiil be used to analyze operations within the first few wesks after fnl.-loin:” o
arrives, Equation A-7 ias shown in Figure A-4 by five curvas, each of which
assumes a specific value for t . The values selected for t o Are, in hours,
1, 2, 4, 8, and 16. 1In addition to these five curvees, a sixth curve repre-

senting the equation

D_(t) t
o - . a8
1

" .
An analysis using the more complicated ERD is presented in Appendix B,
- A-8 -
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is also presented, This sixth curva ia the total dose curve that does not

account for the buiLdup period This curve aesumes that nll fqllout is

TR P

instantaneously deposited at t = 1 hour, thntriu at-one hout followins
detonation. O each of t:he ﬂw cuwu Ehh do aceownt for t:hg buildup |
period, an arrow is plaued 1o ihﬂicuto wh-n t:i L] tP occurh ﬂtoniuhn ou:vai
in Figura A=4, the total dose l.b a funcnloﬁ oﬁ ‘time can be detemimd for -
any applieable referenca.irjcenaity., 1(1),' ,gnd- _any ot qhe ppacified times -
of arrival, _ - 73" _ i ;t_ _ . ‘ | |

A predicticn of the raafation hnghidhtbétil do!cj'fbt a particuler
community begins with the selection of a rafarnnce curve on the 5&:13 of tha
weapon, the bursat height, ground leror induced vadiation effacts, lnd tha
weather conditions, This curve, 1abeled ":eference cu.ve" in Figure A-4
ussumes that all fallout depoaition tiiat will occur naturally does, in fact,
occur inastantaneously at t = 1 hour. It ddes not account For the natural
buildup of the fallout material, Thernfqu, the reference curve then must
be modified teo account for time of atriyllilnd buildup period, In Figure
A-4, the five curves for selected values of £, illustrate such a modification
for difforent times of arrival, It cen be gsaen that tﬁil modification is
independent of I(l), which is ocne reason for presenting the curves in a
normalized form (by dividing each fy the reference intensity, I(1)

Figure A-4 views the dose history of a communlty from the eyes of an
outsider because the reference time, t = 0, s the time of detonation,
Therefore it is worthwhile to modify these curves so that they reflect the
view point of an insider whose reference time is more conveniently taken

in terms of the time of arrival, t . This is done in Figure A-5, where the

- A-10 -
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data in Figure A-4 are reinterpreted so that tor all cases the insider first
notes the arrival of fallout at time one hour. Therefore, in Figure A-5, the
labels on the curves (t, =1, t, = 2, . . .) indicate the nuber of hours
before t - 1 that the detonation actually occurrad, This is the only
difference between Figures A-4 and A-53; that is, the:viewpointrar reference
time distinguishes Figure A-4 from Figure A-5. As in Figure A-4, the arrows
in Figure A~5 indicate when the insider witnesses the cessation of fallout
depoaition, The effect of t as shown in Figure A-5 becomes more evident
when uniform scales are used rather than logarithmic scales, Therefore, the
curves in Figure A-5 are redrawn to form Figure A-6 by merely changing the
type of scales. In this figure it is interesting %o note the wide variation
due to t, in the total dose that would result from an indefinite {t = o)

stay in the area if the decay law remains valid out to t = &, For all curves,
the same reference intensity, I(1), would have been predicted; only the
actual time of arrival is varied.

From the data presented in Figure A-6, a new set of data can be obtained
by noxmalizing the curves so that the total dose resulting from an indefinite
stay in the area, rather than the reference intensity, is the same for all
curves, This situation is illustrated in Figure A-7 where the fraction of
potential (t = =) dose is presented as a function of time, It should be
clear that all curves asymptotically approach unity, This aget of curves
illustrates the effect of t, and the buildup period on the dose history when
the potential dose is held invarient,

The arrows in Figure A-7 again represent the times at which fallout

deposition ceases., This cessation of fallout deposition for all five cases

- A-12 -
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in Figure A-7 is seen to occur when approximately 6% of the infinity dose
has been received, This effect can also be seen in Equation A-7 as follows:
D(t =) =441t "2 1) (A-9)

-.2

Dt =2.5¢) =441 ¢ 1) -5 (Z.Sna)°‘2 1) = .25 £ 2 11) |, (a-10)

and therefore

-.2
D {(t=25¢t) 245 £ 07 I(1)
TS A = .056 ¥ .06 (-11)
g\t = 441 £ 7 *1q)

This interesting '"result" is a characteristic of the particular modal that is
represented by Figure A-3 and Equation A-5, If the model is reasonable, then
the dose received prior to cessation of fallout deposition is predicted to -
be approximately 6% of the infinity dose or, more conservatively, less than
10% of the infinity dose. In subsequent analyais of operatioms that begin

at t = 2.5 and ty ” tp’ the actual calculated value, 5,6%, will be used to
represent the percent of infinity dose that is recefved during the buildup
period.

From Figure A-6 it is interesting to rework the data and display the
effect of L in a slightly different manner. Consider the ratfo of dose
received within a fixed interval of time beginning at time t to dose received
up to time tp. This ratio as a function of t, is displayed in Figure A-8
where four intervals of time (5, 10, 15, and 20 hours) are considered,

From this figure and Figure A-7 it is easy to see that the rate at which
dose accumulates 18 strongly dependent on the time of arrival, th.

The preceding discussion displays the zffect of fallout arrival time on

-~ A-14 -
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to any predicted H + 1 reference intensity, I(1). The applicability of the data

is, therefore, independent of any material attenuation of the radiation that
may exist. The curves may be applied to people ia or out of facilities by
merely dividing D(t) by the appropriate protection factors of the facilities
of interest.

The data developed in the preceding diacussicn can alao be uaed to
display the effect on the individual of a reductiona in intensity brought
about by an operation such as shielding, decontaminating, and so forth, 1In
the following discuasion, the operation will be assumed to be decontamination,

Its effectiveness, f,, i3 measured in terms of the reduction in intensity

d’

where the individual is located, due to the decontamination operation., That

is, 1f the intensity in the absence of any decontamination operation would be
*

I(t) for any ¢t, then the intensity at some time, t , after the performance

*, %
of a decontaminatio operation whose effectiveness is f, would be I (t')

where
* % *
() = £, I(t)) . (A-12)

The effect of this process on the indjvidual ias displayed by giving the
individual's dose curve both with decontamination and without decontemination
and by then comparing the two curves. This comparison ig developed first

for the simple case where decontamination is assumed to occur instantaneously;
that is, where zero time is vequired for the entivre process of decontamination,

The finite time will be developed latev in this appendix.

- A-16 -
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Consider the dose that is received as a function of time when the time
of arrival, t, = 2 hours. This curve in Figure A-7 is redrawn and presented
as Curve 1 in Figure A-9. Next, assume that the fallout cloud itself is
decontaminated and that f, = 1/3. The resultsnt dose as a function of time

is presented as Curve 2 in Figure A-9, Curve 2 is merely 1/3 times Curve 1,

Curves 1 and 2 therefore bound the region in which any dose curve corresponding

to decontamination at time ty with fd = 1/3 must lie, When td is greater
than 2.5 t then the actual dose curve can be constructed by appropriately
combining Curves 1 and 2.

The appropriate combination is very easy to comstruct. As an example,
let t; = 10 hours, and f, = 1/3. This means that at t = 10 hours, the
intensity in the facility is instantaneously reduced by a factor of 1/3,
Prior to t = 10, point a, Curve 1 describes the dose history, After t = 10,
point b, Curve 2 deacribes the behavjor of dose history. To describe the
doge history after t = 10, Curve 2 must be shifted upwards until point b
is superimposed on poiut a, Curve 3 is Curve 2 shifted up to meet this
condition, The combination of Curves 1 and 3 that describes the dose
history is indicated by the dotted portion of the two rcurves in Figure A-9,
If T had been greater than 10, then it would have been necessary to shift
Curve 2 up further to meet the necessary condition as follows: Curve 2 is
shifted upwards until Curves 1 and 2 intersect at t,. This process results
in the correct dose curve only when ty 2 2.5 £

For t > 2.5 ta‘ Curve 1 is given in Equation A-7 as folluws:

D, (t5 = 1) (461 ¢ % - 5T (A-13)

- A-17 -




[

(o033suclep I937® SIB0Y) ATV FO U]

1 £ § .9 [4 LS
1111
1PN N ! 0
: 14
: i I
2
i -
1
| z
L - N m e X H
, T
" _ g
N -]
o
. [
0T = x ¢ m )
MNH ™ L)
1IN T 1] < =
” ittt ST = ' ; W- 1
“ 1 NI
t 07 = X 17
N
g
q i
*a ;
. § a— =1 1
(3Na - (x+ 9a A
X Tt S
769013 68 POAJSo9y 9960 "
8-V ZUIOIL !
i ] fw L 9




B amnni

$aI00Y UT [WAYIIV 183V emIl

,. 071 001 08 0% O
{ V]
».
o ot
” 1
- - #
= SAZND 11t
H 7. % :
Aﬂw 9P ﬂ
NEnESEREEEr 3o, O = 3 + oz
— i ~n- ﬁ -
L L
1
I
= < oAIND T° oc
ﬁl T =
= - e - L 4
P smoy 01 = 3 39 OB _
e/1 = "3 BIA i
” ans ;
: N ue
)i -
L
o
: 7 2
t
‘N- -
3 JLL. -
. A _ (9
Ll K‘ﬂ D&Qmﬂ b t _
IRERRS o) t " T
N | T 1
(1T “
H INBES|
aﬂmmﬂg ﬂg oo ﬂumﬂﬂaﬂa , v - : , 09
TASTUNIURIPE] 3O 399334 [9o1192094T T T ,
1 T TR T
I T - RSN 0 9 0 O BTN At A I A P
} v 14 = ey =1 e i1
T 11 ] 6y me e SR e SRS Pia Ritasibets sTRIRARRR
...... R [ I r— ——r— —— v —— - Ha— Sm— _—_— ] |- o

-~

«

(UOTIPUTGRIUCOIP OU YITM) 380 AITUTIUL JO 2D 13g
9



Curve 2 is, for £ > 2.5 t o,

-.2 ~.2 .
th(t) = £ (1) (4.41 t, -5t °7) . (A-14)
Therefore, Curxve 3 is,
Du(c) t< e,
Dt3(t) -

Dcl(td) + th(t) - nczstd) t>t,

Dtl(t) Lty
- . (A-15)

G - fd) Dtl(cd) + fd Dtl(t) t> ty

Tie value of decontamination can be measured by the ratio of Infinity
“dose with decontamination to infinity dose without decontamination; that is,

by the value ratio Rh vhere

Dt3(t - o)
R = _
Dy (€ = )
D _,(t,)
- - 4 Sl L R
£+ (- £y) 5eCa) (A-16)
However, from Equation A-13
D,y Cw ) = 4,41 1(1) ca"z , A-17)
and
D () = IQ) (.61t % -5, 2 (A-18)
e1¢8g Ak, d ,
so that

- A-20 -
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R = f + (- £) (- LI13 (%:-)'2) , (A-19)

This equation expresses the effectiveumess of instantaneous decontaminatica,
Rh’ a8 a function of decontamination effectivenese, £q3 time of arrival,
€yl and time of decontamination, ty- This relationship is displayed in
Figureas A-13 through A-15. Together, these figures display the result
of any instantaneous decontamination effectiveness, fd’ _t;lm: becomes eftective
at any time t, 2 2.5 t, for any time of arrival L and any initial rafarénce
intensity, I(1). However, before interpreting and discussing these figures,
it is worthwhile first to examine decontamination that does not oceur
instantanecusly and show how it may be related to instantaneous decontamination,

When the decontamination process requires a finite time, T, the procees
will be said to begin at time ty and to end at time L T= tye The
resultant dose will be described in comjunction with Figure A-10. In
Figure A-10, Curves 1, 2, and 3 are the same as the corresponding curves
in Figure A-9, Curve 4 is the curve that would apply if the decortamination
occurred i.x'wuntaneounly at time ty " 25, Therefore, if ty " 10, and T = 15
so that g+ T= t, = 25, then the appropriate dose curve would lis between
Curves 3 and 4 and would be identical in shape to Curves 3 and 4 for t > 25,
The curve that will be assumed appropriate 1s labeled Curve 5 and fs located
midway between Curves 3 and 4. In constructing Curve 5, the only new
assumption used is the dose hiatory between t = 10 and t = 25, 1t is
assumed that during the process the dose will be halfway between the curve
for no decontamination, Curve 1, and the curve for instantanecus decontami~
nation, Curve 3, Therefore, Curve 5 i8s located midway hetween Curves ] and

3 at the conclusion of the process, t, = 25; and, this locates Curve 5 midway

- A-2]1 -
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between Curves 3 and 4, The resultant curve is thersfore reprasentad by -
the dotted portions of the several cuxve ngieat-a. o e
Cnce again, it is useful to examine the value of this decontssinAtion -
in the same manner that the value of inatantansous decontcasinationu was
examined, let Curves 1, 2, . . ., 5 in Figura A~10 ba representad by
Du(t), D,(t)y . . ., Dt5(t). Ao before, D':z(t;) is merely £, Dtl(t).
The value of decontamination is then the ratio, g_ » of infinity dode

with decontamination to infinity dose without decontamination; that is,

D (t = _
R = TS (A~20)
For t > 25, the following holds:
Dpg(€) = D, (t) = 1/2 [D (k) ~ D gt )]
(A-21)
= £40p (£) + (-£5)Dp, (k) = 172 [y () = £4Dpy(E) » (L=£)D 5 (E]
1-f
~ £,D,1(8) + ~4 o, (&) +D,¢)) , (A22)
and therefore,
(1-£4) D, (t,) + D, (2 )
R = £, +—7 -ﬂ————f———nu ) . (A=23)
Recall fxom Equeation A-13 that
D (e) = T(L) (4.41 £ 2 - 5 ¢ 702 {a=24)
tl * a :

for t > td.

Combining Equations A-23 and A-24 the ratio R,, becomes,

- A-23 -

i




c v mnn, o AN

L1 t -2 +t -.2
Romf 4 (g |1- Bl ot (A-25)
«© L t. . = - B

Now, define an effective decontamination time, t_.., as follows:
-.2 -.2 -2 -
toes ™ 1/2 (td + oty ) . (A-26)

Using this effective time, t_.., the rncio; %‘, becomes

t =2

R = £y + (1f) (1-1.13 (—:ﬁ Y . O Asapy

a
which ia the same aa the R“ for instantancous decontsminstion as given by

Equation A~19., Thias is the reason for delaying the interpretation sand

discussion of Pigures A-13 through A-15. Although devaloped for {nstantanaous .

dacontamim tion, they also apply to finite time decontamination iy warely
selecting an affective time on the basis of ty and .T according to Equation
A-26. Figura A-1l has been drawn to reprasent Lquation A-26. It gives

t as a function of td + 1/2 T for selacted values of T,

eff

The preceding analysis can be summsrised with four figures, Tho first,
Figure A-12, replaced Figures A-1 through A-6. Whon the time of arrival,
t,, is specified, the total dose Dt(t) can be determined from the figure

for any time, ¢, less than one thousand hours, and for any refarsnce

intensity, 1(1). This figure represents the following equation:

-2
t " D (t) t
S T 522 for %; 2.5 . (A-28)

This curve will be called the generalized total dose curve. It is normalized

both with respect to t, and with respect to I(1).
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Figurea A~13 through A-15 express the following forms of Equation A~19:

nd \ .2
R = £, + (1€ d)(1 -1.13 (A~29)
R, E113( ]+f [11(—5)'] (A=130)
and
'td .2
£,= 1 - .883 (1-R) ;. , (A-31)

t
all for ;g > 2.5. These three figures display the various trade-offs of
a

interest that exist in the decontamination process., Figure A-13 shows the
relationship between the value taﬁio, Rh’ avd the time of decontamination,
ty, for fixed levels of decontamination effactiveness, £,, Figure A~14
shows the welationship Letween the decontamination eflectiveneas, fd' and
the value ratio, R%, for a fixed times of decontaminatien, t,. Pigure A-15
shows how 4 and fd can be varied without changing the value ratio, Rh' All
three figures are presented for cases where f, and Rb are less than 1,0,
Howevey, it should be recognized that the presentation could have covered
caser where fd and R& were greater than 1,0 because the governing squations
are valid for both situations.

These figures are most useful in obtaining an uncluttered appreciation
of the trade-offs that exist along with a rough approximation of their
behavior, Although the curves are exact, they must ba viewed as a rough
approximation because the value ratin is evaluated in terms of infinity
dose (. = o) whose applicability has not yet been discussed. The ratio

was evaluated at t = w to obtain a simple approximation of the trade-offs

and their general behavier, To obtain a second approximation it is worthwhile

-~ A-30 -
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to determine a move appropriate time at which to evaluate the valw vatis, 1

Such a time will be selected on the basim of Wquivkisnt rewidoai duie,

DR(t)’ rather than total dose, Dc(t:).

The Blair theory regarding the rate of recovery as quoted in Devenay
(Reference 1) is shown as cuxve W in Pigure A~16 aiong with an q@:muqn B
curve which will be used in the following discussion, curve W, This

approximation is used throughout the interval of time, 0 to 500 how.,

which, ag will be seen, encompasses tha time interval of intarest in this
analysis. Using this approximation, the equivalent residual dose, nlm

can be expressed as follows:
€
Do) = [ (14,9 Q- ot~ x))] I(x) dx (A-32)
o

where, from Figure A-16, o is ,00085. Ingerting I(x) as expressed in Figure.

A-3 and Equation A-5 this becomes

D(e} = (1 - .90e)E(D) (hale, "2 - s Ry 4 sarq) (248,84 12500y, @-29)

This equation in a normalized .urm is displayed aiong with D:(t:) in Flgure A-17
for - 1, 2, 4, and 8 hours. In this figure it can be seen that the maximm
equivalent residual dose occurs prior to t = 300 hours. More specifically,

the maximum can be determined by setting the darivative equal to zero. Thia

process results in the following equation for toax’

2 -1.2

t Y4262t 2
X max

= 883 :a" , (A-34)

which is presented in Figure A-18. From this figure, the maximum is seen to

1li2 between 175 hours and 336 hours when ta lies between 1 hour and 10 hourvs,

- A-31 -
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The normalized value of DR(t) when t = € nax is presented in Figure A-19
as a function of time of arrival, t..

From tha resultant times at which max Dk(t) occurs, it is obvioue
that the validity range of the expression used to approximats the recovary
process is more than sufficient. In addition, it can be secen that the
max DR(':) will oceur before two weeks (336 houxs) for t:. < 10 houra, For
this reason, two weeks, or 336 houra, is selacted as the evaluation t:hh
for s second approximation. This time, 336 hours, is selected as & logical
time that is indepewndent of t, at vhich to evaluate the decontamination
value ratio,

In addition, the valua xatio will be evaluated at that time when,
for & given time of arrival, the equivalent rasidual dose, Dn(c), reachss
a maximum, Obviously this latter svaluation time will not be independent
of ty

For these last two approaches to the value ratio, Equation A~16 can

be rewritten as,

Rx- fd+(1- fd) (A~33)

where x is the time at which the value ratio is to be evaluated. Upon
substituting Equation A-13 for Dtl(‘)' the above expression becomes:

2 -2
1-1.131:! ty

Rx-i:'d+(1--15.:1)1‘_113‘:‘2,‘__.2 . (A-36)
* a

When x 1is sufficiently large, this expression reduces to Equation A-19

for R .
L)

- A-35 -
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Tha asmoe the trade-nffa that exiat amame R .

— T Thgd “d;

above sgquation expy
tyo and t g Before graphically diaplaying these trade-offs, it is worthwhile
to review the meaning of, and constraints on, the varicus paramecers and the
equation itself. The least complicated parameters are £, and ty- Togather,
they describe the decontamination (or similar type) operation. As a result

of the operation, the intenaity is reduced by a factor £ a0 When the operstion
is inefiective, f; = 1. When the operaticn is perfect, fcl = 0. This operation
takes place at some time t,, vhich muat ba after the deposition of fallout has
ceased or, mathematically, must be during that time when the intensity behavior
is adequately described by the t'l'z dacay law. Bacause fallout deposition
ceases at time t = 2.5 l:n in the buildup function used to develop the lqultion,r
the equation holds when ty is greater than 2.5 I:.. That is, if the tiee of
arrival is one hour, then decontaminstion is not performad bafore 2k hours;

1E th'a time of arrival is 3 hours, then decontamination is not performad

before 7% hours, Briefly, the equation assumes that decontamination will

not be performed before the fallout ie all deposited,

Contrary to expectation, the buildup model (Figure A-3) used to develop
Equation A-36 .doel not preclude the application of the equation to other
fallout situations, The buildup model is only used as a vehicle for intro-
ducing the parameter t into the equation, The equation is valid for any
different buildup model that uses a time of arrival, t:. In such a case it
is only necessary to determine the proper correspondence between t: and the

t used in Equation A-36, This correspondence may be determined from the

following expression:

%
t
-.2 1 c *., 2 .
£, R TeTY L6 {* f(x) dx + 1,13 t, , (A-37)
a
- A-37 -
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where t_ 1is the time of arrival,

* >

t, is the time of deposition cessaiion, and
£(x) Las the intensity-time behavioi of the naw buildup model,
This expression will be completely developed in Section IIL below,
The two remaining parameters, R and x, are the most complicated
parametexs in Bguation A-36, To keap Rx compatible with Rquation A-1%,

R 1is:
X

D _(x) with decontamination
- (A-38)
Rx Dt(x) without decontamination °*

wvhere x 1is the time at vhich the total dose expressions in the ratio are

evaluated, The complication lies in salecting the proper x, or equivalently,

in interpreting the results that arise when a particular x is selected,

In either case, both the selection and interpratation arz taatamount to value
judgments, When concexrn is focused on short range recovery and survival,

the tendency may be to examine the ratio evaluated at short range times;

that is, at lesser values of =, VYhen concewn is fooused on long range
recovery, the tendency may be to exsmine the ratio avaluated at long range
time; for instance, at x = o, Three examples of appropriate x's are
presented; x = o, x = 2 weeks = 336 hours, and x = that time when the ERD

is a maximum (between 330 hours and 175 hours, depending on t:a). The ratio
R for particular values of x 1is the fracticnal reduction in total dose
(and, therefore, irreparable dose) that results from the performance of the
operation (see Equation A:-383), Because the actual interpretation will depend
on the manner in which Equation A-36 and the descriptive curves are actually

used, the preceding remarks are brief and intended only as examples of

- A-38 -
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considerations that will arise in using the displays that follow. The
firat display, Figure A-20, shows the trade-offs that exist between £ d
and t 4 for specified values of R336 and ty- The corresponding display

for Rm was presented in Figure A-15, Theae curves define the limita of
operation performance that will achiave a specirfied result, For example,
consider a particular geographical area wherz the time of fallcut arxival,
t and reference intensity, I(1), combine to produce a very serious
situation, When these two parameters t o and 1(1) are specified, Figure
A-12 will predict the dose received up to any time ¢, Figure A-20 shows
the range of reduction operation that can hu nerformed (td and fd) ta
achieve the particular dose reduction when conrern is short range (x = 336),
As an example, let t, = 4 hours and I(l) = 1000 R/hr, From Figure A~12, at

t = 336 hours, the preducted dose is 2.35 1(1):."2

w 2,35 x 1000 x .76 = 1786

roentgens, If it were desired to reduce this to 600 roentgens, or by a

factor of -1-.%”; = .34, then the f d and ty combinations that would achieve

this result are located using the labeled daghed curve on Figure A=-20.

Figure A-15 showed the trade-offs when the comcern was long range (x = ).
The serond digplay, Figures A-21 and A~22, shows how the fractiomal

reduction iu dose, R‘136’ vazries when the reduction in {ntensity, f , 1is

d’
changed {or specific times of arrival, L) and of decontamination, t..
(The long range consideration, X = », wase displayed in Figure A-14,) The
two figures work together, Flgure A~21 presents the trade-off for ta e 1
hour and Tigure A-22 i3 used to interpret the Figure A-21 curvaz for othex

times of arrival, ‘That is, from Equation A-36 it can be seen that each

curve in Figuxe A-21 is not restricted ro the time tﬂ and td with which

- A-39 -
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they are labeled., Instead, each curve is applicable to a multitude of
ty by combinations., The set of combinations that applies to each curve
in Figure A-21 i8 given by each of the four correupinding curves im
Figure A-22, The curves in both Figures ave labeled 1, 2, 3, and 4 to
establish easy recognition of the proper correspondence,

The third display, Figures A-23 through A-26, shows how a givem

intensity reduction, £,, will achleve different dose reductions when

d
the operation time, tyo is varied, This effect is portrayed fur times

of arrival 1/3, 1, 3, and 9 houre and for ygiue zstly evalugtion tiges
of o, 336 hours, and the times when the aquivalent residual dose i3

maximum (see Figure A-18). From this 3et of curve:‘it 13 easy to datermine
the wide variation that exists in the magnitude of the yaluo gutio sad

that results from fd’ iy €

2 and, most vividly, =x, Thesa variarions

in the value ratio, Rk, are of two distinet and different typss, Most
important for operation planning is the variation that results when fd’
tys and ta are varied. These variations result from the wanner in which
the decontamiration operation is performed. In contrast to these are the
variations in Rx that occur when x is varied, These variations have
nothing to do with the decontamination operation. They only reveal the
effect of the time at which the value ratio is examined, To emphasize
this effect, several of the curves for fd = 0 and fd = # are combined

and presented in a different manner in Figure A-27. For ta = ], Figure

A-27 shows the variation that results when the time at which the value

ratio is evaluated is changed, It can be secen that the variation is greatly

dependent on the reduction in intensity, fd' For low values cf fqr the

~ A-%3 -




variation due to x 1ig greater than it 1s at high values of fd‘

Figures A-28 to A-31 show an entirely different effect, An
examination of Figures A-23 through A 26 reveels that as one goes to
lower and lower wvalues of fd' the return as measured by Bk becones
less and lese. This effect is displayed in Figurea A~28 to A-31, one for
each of the times of arvival 1/3, 1, 3, and 9 hours, The value ratio,

R ., vas presented ar a function of £q in Equation A-36, The liniting B*
(or "best™ Rk) is reached when f, = 0 and can be expressed as R: as
followa:

2, =2
w L-n13e e

4
- d_ | (A-39)
BT 1.13 :.'2 x 2

Consider the td's and fd's that result in a value ratio that is

within 10% of the theoretical limit. That is, let
R = 1.1R
e = 11RO (A-~50)

*
Substituting the equation for Rx and R, (Bquations A-36 and A~39) inte

Equation A-40 results in the following relation among Eqr fd, and x:

£ "% . 113 td-.z
11.3 £, = (A=41)
td T ex

This relationship is displayed in Figure A-28 through A-31 for 2 values of

x and 4 values of ta. These displays show the fd that muat be achieved to
result in a value ratio that is 907 of the theoretical limit when the time

of decontamination t, 1s fixed. This may be interpreted as one possible
curve for diminishing returns in the value of f,. The shaded portion of each

Figurc is the region swept out by the curve as x goes from 336 hours to w.
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The effectiveneas of decontamination operatiors in reduecing total dosa
received by an individual has been approached using a linsar functiun to
approximate fallout radiation intensity buildup (See Figurs A-3). As
previously stated, this linear approximation was used only as a vehicle
to introduce the parameter t, into the final results, It does not limit
the resulta to situations wherr the buildup is linear, For example, conslider

the buildup function illustrated in Figure A-32,

TIGURE A-32
Genersl Buildwp Fupetion

= intensicy

I(l):-l.z

4%; = time

ta te t

*
At some time t (t > tc) (See Figure A-32) the total dose is,
*
t
* ¢ ) t -1,2
D(t) = [ f(x)ix+ [ I(1) dt . (A-42)
* *
t t
a e
At this same time t, the total dose for the model used in Section II

(Figure A-3) is, for t > 2.5 L



-2, Y

Dt(t) = I(1) (4.41 t‘-'z -5t °7) . {A~43

% %
1f there exists s ta(ta) such that Dc(t) u Dr(t), then the results of
Section II may be applied to situations where the buildup is given by

*
Figure A-32, The function ta(ta) exfata and is found as follows:

%*
t
. ,
1) @al s e 1 R ax e s 1) (02 - D), a-eh)
*®
tl
or,
t*
(]
t‘.'z - ﬁl—?-(l—) { £(x) dx + 1,13 ::-.2 R (A-45)
t
a

which 18 the dosired function for the new buildup fumction £(x). As an

example, consider the function in Figure A-33,

FIGURE A-33
Altexnative Buildup Function

—a Intensity

time

Y
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Lot £0x) = {x - t:) () t:-z'z 2 t2, Bquation A-45 then becames
- *
L 2 1.2 1 €, 2,2 2t . .2
ty ' " T h.al 1) [ (x - £)dx + 1,13 (2t))
Fa
*-,2
= 1,033 t,
* -
- (.85 ¢t) -2 _ (i)
or
-85t et
t, " t, -

Therefore, the curves t = 1, 3, 9 would be read as t: = 1.18, 3,53, 10.6.

As a second example, consider the functien in Figure A-34,

& FIGURE A-34
g Altexpative Buildup Fupction
1,2
' o
! o  time
* * -3 t*
t& t': a

%* *
To maintain continuity, if £(x) is a sine function in the interval [ca’ 3 t.],

then,

£QL) = I—z(ll 3 c:)'l'2 (1 + sin —K— (e-2 c:)] . (A-48)
2 ¢t
a
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Therefore, Equation A-45 becomes

*
3t
-2 1 a L(1) *.-1,2 Ly i
2 "TAT I 4 7 (G g) "7 1 +sin ""2 T (2 )] de (heds)
t a
a
+1.13 @ g2
- ¢§:£L3 +3% 113 2 (A~50)
4,41 * &
- i3 ey ? (A-51)
or
-~1.183 t° 52
t, . t, - (A-52)

Therefore, the curvas €, - 1, 3, 9 would be read as t: - 845, 2,33, 7.6,
respectively, From the examples and precediag discussion, it can ba sean
that time of arrival and nature of the buildup function are used for
presentation convenience and the results obtained do not depend on them,

-1,2

The main assumption in the development is the t decay law, The

precision implicit in the results depends on the precision with which the
t'l'z decay law models reality. However, in the process of using the
results for prediction and planning, any arror that results f£rom using

this decay assumption will be minor when compared to the error due to othar

assumptions that must be made in attempting to apply the theory,

- A-64 -
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A-1

A-2

J. F. Dovaney. Operations in Fallout, OCDM-8SA-61-13. Washington:
Office of Civil Defenae Mcbilirzation, June 1961,

J, D, Douglass, Jr,, and H, E, Campbell, £fec

on Equivalent Residual Dose. RM~156-2, Durham, North Carolina:
Research Triangle Institute, Operations Research Division, Apxil, 1964,
See Appendix B.
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Appendix B

The Effect of Early Decontamination on Equivalent Residual Dose

I, INTRODUCTION AND SWRY

Appendix A analyzed the effect of a reduction in the intensity in
a facility (which might be the result of decontaminating on or about the
tacility) on the total dose of the personnel within the facility, To
complement this inforwation, the present study analyzes the effect of a
reduction in the intensity in a facility on the equivalent r@aidual dose
(ERD) of the personnel remaining within the facility over the whole time
period of interest.

The ERD of an individual at time ¢t is the area under the appropriate
portion ol a weighted intensity vs. time curve, Heve, the intensity 18 that
within the facility, and therefore the protection factoxr of the facility
1s absorbed into the reference intensity factor, I(1). The intensity
curve used here employs a linear functien to degerlhe the buildup of

intensity and the function I(l)t-l'2

to deacribe the subsequent decay., For
any time t, the ERD as function of reference intenaity, I(1), and time

of arrival, ty is presented in Figure B-3, This '"normal'™ ERD is used in
the subsequent development as a reference. That is, the ERD at some time
after decontamination has been performed will be compared with the '"normal"
ERD that otherwise would have been received up to the same time, Following
this general developmeni, attention is focused on the maximum value attained
by the "normal" ERD as a function of the refererre intensity and time of

arrival, The behavior of this maximum ERD iz jllustrated in Figures B3-4

and B-3,

- B-1 -




Decontamination enters the analyses as an instantaneous reduction
in intensity that takes place at time ty- Before time tys the intensity
is not affected. For all times after time ty the intensity magnitude
is multiplied by a factor fd whose value lies between zero and one,

The resultant decrease in maximum ERD (for f£ixed time of arrival) will
depend on t, and fd' For various times of arrival, the ratio of maximum
ERD with decontamination to normal maximum ERD is presented as a function
of time of decontamination (td) and amount of decontamination (fd). The
effects of variations inthese parameters comprise the primary objectives
of this snalysis and are presented in Figures B-13 a, b, and c,

In the analysis, fallout arrival times from .2 hours to 10 hours are
considered, Only times of operations later than the time at which fallout
deposition ceases are considered, Both zero and finite operation duration
times are considered, All poasible intensity reductions are considered.

The results are displayed by the ratio of the maximum ERD with the opexation
to the maximum ERD withoui the operation. In addition a methad iu presented

so that the results can be applied to any desired buildup functiom,
II. ERD WITROUT DECONTAMINATION

The effect of decontamination on an individual's ERD will be determined
as a function of both the fallout intensity characteristics (time of arrival,
buildup function, and reference intensity) and the decontamination operatiom
characteristics (time of decontamination and effectiveness of decontamination).

The effect of a particular decontamination operation will be viewed as the
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change in an individual’s maximum ERD zesulting from the performance of
the operation, To determine this change, it is first necessary to
determine the behavior of an individusl's maximum ERD as determined by. -
the fallout intensity characteristics in the absence of any decontami-
nation operations. This sec*'on determines this behavior,
A. General Expression_ for ERD

The foll&wing development postulates the occurrence of a single
nuclear detonation at time t = O where t 18 in hours, As a result of
this detonation, radioactive fallout material is deposited in the vicinity

of the individual of interest, This material prcduces radiation whose

intensity at the individual's location 1s I{t) in roentgens per hour, .
This intensity is zero prior to t = 0, Because this intensity is at the
individual's location, the protection factor of the facility in which the

individual {8 located is incorporated into the intenaity function,i(t).

Throughout the analysis, the individual remains at the location
where the 1nten§1cy is I(t) for all ¢t > 0. Therafore, at iny time greater
than zero the total dose he will ha§e received is8:

. t
Total Dose = DT(t) = [ I(x)dx (B-1)
o
When the intensity is weighted to account for the natural biological
repair that takes place, the resultant dose {s called the equivalent
residual dose, ERD, If W(t-x) is the appropriate weighting function,
then at any time greater than zero the individual's ERD is:
.

ERD = DR(t) = [ W(t-x) I{x)dx . (B-2)
o .

- B-3 -
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This is the géneral ezpfeluibn for ERD that is used “throughou :
remainder of this paper. In Section B, the intensity function I(x) will
be formulated to reflect the combined effects of fallout material
deposition rate and radioactive dacay. Priorrto the completion of the
deposition process, a buildup function will be chosen to represent the
intensity behavior. For times after deposition has ceased, the coamon

1.2 4111 be used to represent the intensity behavior, °

decay law, I{l)t
In Section C the weighting function as suggested by Devaney (Raference B-1)
and the National Committee on Radiation Protection (kefercnée Be2) will
be approximated for subsequent analysis end evaluation of Eguation B-2,.
B, nten ction ;

The intensity function is developed for all times greater than zero
by firat dividing the timea nf interest into three intexrvals, The first

interval 1s prior to tes the time of fallout arrival, Over this interval

the intensity ir assumed equal to zero, That is,
I(t) =« 0 for t < t, - (8-3)

The sacond interval is from t to t_, vhere t. is the time at which
fallout deposition ceases, During this time interval the intensity function,
called the buildup function, must reflect the combined effect of material
depositfon and radioactive decay, Because of the miny factors entering _
into such a dztermination, the appropriate function will vary according
to the particular situation. Therefore, a convenient (linear and with

L, =~ 2,5 ta)* function will be selected upon which the nubuequané analysis

*
For a more detailed discussion regarding the selection of this particular
buildup funcrion, see Raference B-2,
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will be based, At the conclusion of this section }hé'machadatfdi“naae{u.ryﬂ,x“'f

to apply the analysis and results of this report Cordifferentfbuiiﬁ“P !ﬁu&ﬁiﬁﬁié“‘

will be presented, ' : e
The analyeis regards 1({t) as linear throughout the time interval

to t . That is,
c
I(t) - I (t-ta) for L,Sstge - 2.5 . B8:4)

is selected as & reference buildup function, Because in Equation B-4 the
intensity is zero when t = t_, the intensity funotion is contifuocus through-
out the first two time intervals, zero to 2.5 t. The constant I in
Equation B-4 1is chosen to mak; the intensity function continuous throughau&"
the second and third intervala, t greater than £ .

The third interval includes all times greater than tc = 2.5Ita. Daring
this interval, the intensity behavior is assumed to follow the common radio-

£ 12 That g, i

active decay law,
-1.2 .
I(e) = I(L)e for 2,5 £, <t L (&~5)

Here, I(l) in roentgens per hour is the reference intensity conatant, Al-
though Equation B-5 is specifiud!for all times greater than 2,5 tas the
analysis will only use the equation when t is between ,2 hours and 4000
hours, .
The Intensity function development is completed by determining the
constant I 1in Equation B=4 so that the intensity function is continuous
for all t greater than zero, Tﬁie is accomplished by combining Equations

B-4 and B-5 and setting t equul to 2.5 ta as follows:

- B_s_
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or

-1.2
I() (2.5 :l)

-2,2 .
113t = 222875 (1) -7

Therefore, the complete intensity functiom for t greatar than sero

PR Sy

is:®
(1] for t < e‘
2.2 X T
I(t) = 222 £ I (t-t) fore gtg2.5¢, , (8-8)
et for .5t St

This behavior is illustrated in Figure B-1,

FIGURE B-1
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Although the subsequent analysis will use Equation B-8 to represent
the intensity functiom, the results obtained can be applied to situations
involving different buildup functions. In Appendix A (Chapter III) the
process of applying simlilar results to intensity functions with different
buildup functions was developed for the analysis of decontamination
effects on total dose. In the present discussion, the analysis is concerned
with ERD, However, if the fallout deposition is completed within 150 hours,
then the ERD can be set equal to the total dose throughout the deposition
process, For this case where the deposition interval, 1.5 ta,,ia less than
150 hours, or, for 0 < t < 100 hours, the ERD for t > 150 hours mey be
written as:
150 t
Dp(t) = W(t-150) | I(x)dx + [ W(t-x) I(x)dx . (8~9)
o 150
If 2.5 t, is less than 150 hours, this becomes, using Eguakion B-8,
150 t )
DR = W(t-150) of I(x)dx + 1£0 W(t-x) I(1) x ~°~ dx . (B-10)

Let the desired alternative intensity function, using a different buildup

function, be,

*
0 for t < ta

I*(1) Ix(t:) for th <t g t* <150 (B-11)
I(l)t.l'2 for tg <t

where t: is the alternative time of arrival and tg is the corresponding

time of deposition cesgsation, 1In this case ERD function for t > 150 is:

- B-7 -




150 £ s
DE(t) = W(E-150) [ TE(x)dx + [ W(t-x) I(L)t s
o 150

dx . (B-12)

The desired correspondence is obtained by setting DR(t) equal to Dﬁ(t),
which results in the following expression:
150 150
[ I(dx = f IK(x)dx . (B-13)
o o
This expression in Appendix A is reduced to:
tx
-2 _1 C w02 .
t, ZTZT—ETTT 1) IA(x)dx + 1,13 t% . (B-14)
t*
a
This equation establishes the proper correspondence between times of arrival
t used in the subsequent analysis and times of arrival t: of alternative
types of buildup functions, I*(t), Using this correspondence, examples of
which are presented in Appendix A, the subsequent results may be applied
to intensity functions using other types of buildup functions,
C. Weighting Function

The weighting function W(t) used tn accoumt for biological repair and

recovery is given in References B-1 and B-2 as follows:
Wi (e) = .14 .9 e+ 001t (8-15)

This function is shown as curve wl(t) in Figure B-2 along with an approxi-

mation that will be used in the following analysis:
w(e) = .1 +.9 (1 - ,00085t) . (B-16)

This approximation will only be used when its value is within two per cent

of wl(t). That is, W(t) as given in Equation B-16 will be used when:

- B-8 -
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l Wl(t) - W(t)

This condition holds when t 1is between O - and 400 hours., It will be
seen that the maximwm IRD occurs bofore time t = 400 hours if the time of
arrival is less than 17 hours.
D.  ERD Function without Decontamination

The equations developed in Sections B and C for I(t) and W(t)

respectively, can now be incorporated into the geneéral expression for ERD,
t
DR(t) = [ W(t-x) I(x) dx .
o

Flrat, suhstitute the expression for W(t-x) given in Equation B-16 as

follows:

Dy(e) = RTE, (1-« (t:—x))] 1(X) dx . (B-18)
o |

Second, substitute the expression given in Equation B-8 for I(x) and

evaluate the resultant expression for t > 2.5 t,, as follows:

2.5 ta -2,2 _. (: ;)
Da(t) - tf .222 £, 1{l) (“'ta) d14.9 1. g (t-x 'dx

a .
t -1.2 [ ( )]
+ f I(L)x 14+ .9 1 - a(t-x) dx , (8-19)
2.51:H

Integrating and dividing through by I(l), this equation becomes, for t > 2.5 t‘,

D (t)

'11!_(1‘) = -5t 2(1-,0009563¢)

+ 4,413 ta"z(l-.000365ta) (B-20)

-9
-

- ,003376t (ta ) .
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For comparison, the corresponding expression detommined in Appendix A
for total dose is:

D (t) 2

.2
- 5t

+ 4.&13:" . (B-21)

These two equations B-20 and B-21 afe presented in Figure B-3 to illustrate
their behavicr for selected times of arrival (ta --1, 2, 4, and 8 hours).
Although the subsequent analysis occasionally will be concernad with
the general behavior illustrated in Figure B-3, primary intevest is the
time at which the ERD resches a maximum, tax? and the value of the ERD

maximum, DR(t ). The behavior of tmax as a function of t:a is determined

max

by taking the derivative a% DR(t) and setting it equal to zero. This

results in the following expression for tmax:

-2 -1.2 -2 ' .
bt 262t e 8825 ¢ 700 . (8e22)

A graph of this equation for ty between ,2 and 10 bours is presented in
Figure B-4,

Equation B-22 (Figure B-4) and Equation B~20 can now be combined to
show the maximum ERD, DR(tmax)’ an a function of time of arvival, tye The
behavior of Dk(tmax) is presented in Figure B=5 for times of arrival hetween
.2 and 10 hours, From Figure B-5 the maximum ERD that an individual would
experience can be determined for any predizted I(l) and any time of arrival
between ,2 and 10 hours,

For the present, this concludes the basic analysis of ERD without
decontamination, It will be extended later on in the analvsis concerned

with the effect of decontamination. Such extensions, when they occur, will

- B-11 -
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aprear as the limit approached as the decontamination process bscomes
less and less effective, For the present it is sufficient to have
obtained an oexpression for‘DR(t), Equation B-20, and to have examined

the behavior of tmax and D‘(t

max), Figures B-4 and B-5 respectively,

I1X, ERD WITH DECONTAMINATION

The equations discussed in the preceding chapter were developed to
describe fhe individual's maximum ERD as a function of the fallout
intensity characteristics at the individual's location in the absence
of any decontamination operations. In this chapter, the intemsity
function will be modified to include the effect of m dacontemination
operation (Bection A), Then, in Section B, the ERD functiom will be
redeveloped using the modified intensity functlon, Finally, in Bection
C, the maximum ERD with decontamination will be developed., By comparing
this maximum ERD function with the maximum ERD function without decontami~
nation (Chapter II) it will be possible to determinc the effect on an
individual's maximum ERD brought about by & decontaminution operationm,

Although the present discussion refers solely to decontamination
operations, the equations and analysis apply to any operation that affects
the intensity in a menner Bimilar to that in which decontamination is
agssumed to affect the intensity,

A, Iptensity Function wiili Necontamination

Decontamination has been referred to as ''the action to reduce the

dose rate in one arca by removing the fallout contaminani from the area

or by burying it within the area' (Reference K~1), 1In the subsequent

- B~13 -
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analysis, interest is restricted to the time at which the action takes
place and to the reduction in intensity brought.nhau: by the nc:ton, In
reality, such a reduction in intensity is achieved aver some finite time
interval required for the performance of the action. For the azalysie

in this paper, thia process will be modeled by an idealized process
whereby the reduction in intensity occura instantanecusly at time td
where t; is the time of decontamination in hours after da:onltion.'

The intensity reduction brought about by the decontamination operation

is called the decontamination effectiveness, fd. If the intensity in

the absence of any decontamination oparation is I(t) forlf 20 and {f the

intensity after decontamination is performed is Id(t) for t 2 L then,
Iy(t) = £41(t) (3-23)

for all t greater than ty the decontamination time, In tha same sense
that I(t) is the intenasity meavured at the individual's location, the
decontamination effectiveness, fd, is measured at the individual's location,
and in general, is not meacured whera the decontamination action actually
takes place (i.e,, outside the facility wherein the individual is located),
In the analysis, fd will vary batween 0 (perfect decontamination) and

1 (completely ineffective decontamination), Furthermore, £y will always be
greater than £ = 2.5 t, (time of deposition cessation) and, in this study,

less than the time at which the individual's maximum ERD is reached,

T :
In Reference B-2, Chapter 1I, the problem of selecting a proper t, teo
correspond to a real situation is discussed in detail. For the mﬂjotity
of cases, it ia sufficlent to select as t, the center of the real process

time interval.
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Obviously, if tg 2 tax? then the decontamination operation does act
affect the individual's mawfmum ERD.

Prior to the time of decontaminationm, tys the intensity a# the -
individual's 1ocation is given by Equation B-8, After td’ the intensity
becomes fd times the intensity given by Equation B-8. That is, if a
decontamination operation whose effesctiveness is fd takes place at time

tys then the appropriate intensity function, I(t), is:

0 for 0 <t < t‘

-2,2
I(t) = ¢ .222 ¢, I(1) (c-ta) for t, St <2.5¢

2

-]_. :
I(L)t for 2,5 t,St<t,

-1,2 ,
fdl(l)t; for ty St

This behavior i{s illustrated in Figure B-6,

FIGURE B-6
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In Figure B-6, a dotted line labeled "real' has been included to
illustrate the effect on intensity behavior of a decontamination proceas
that takes a finite time to conduct, The error in intensity that arises
from the instantaneous action model, although significant in thz intenaity
function, will be insignificant in the ERD function, DR(t), when t 1is
greater than t, showm in Figure B-6,

B, ERD Function with Decontamination

The general expression for ERD with decontamination can be developed
by merely substituting the expression for I(t) given in Equation B-24 into
Equation B-2, This substitution results in the following equation for ERD
with decontamiration,

2,5t

Dplt,t by E) = [ @ W(ex) 222 £ 78 F 1) (xet )
a
tq 1.2
+ [ 7 W(eex) T(L)x % dx (B-25)
2.5t
a
t 1.2
+ [ W(t-x) fd I(L)x "~ dx .,
t
d

As in Equation B-18, the weighting function, .1 + ,9{1-.00085(t-x)),
which accounts for biological repair and recovery, next to substituted for
W(t-x) in Equation B-25, When this substitution 18 made and the expression

in integrated, the ERD function, for t 2> ty» reduces to:

- B-18 -
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D (t,t ,t,,f.)
R s a9 d’ d -_2 -
o) (6.613 £ 7%y (1-.000365 )
-5 £,67°% (1-. 0009563 t) (B-26)

-.2 . -.2
- .003376 t |.ta 1,133 (1-£,) t, ] .

On the basis of this equation, an individual'g ERD can be determined
for specified combinations of ta’ fd’ tys and t, The only restrictiong mxe

that ta be less than 17 hours and that t he;éreater than t, = 2.5 ta’ in

d
the subsequent section, this ERD function will be examined to determine the
behavior of the individual's maximum ERD, In BSection IV, this maximum ERD
as a function of ty and fd will then be compared with the maximum ERD thatr
would be received without any decontamination for a set of selected times
of arrival,
C. Maximym ERD with Decontamination

In this section the ERD function developed in the previous secticn is
evaluated to determine the behavior of the individual's maximum ERD as a
function of L and fd‘ To achieve this, first, an expression 1is
derived to indicate the time of the maximum ERD, tmax’ as a function of
these variables, Next, the behavior of the expression involving ta is

X

analyzed and the actual time, t for

nax’ is computed as a function of t

d
selected fd's and ta's. Finally, the maximum ERD is determined as a

function of t, for these selected fd's and ta's by substituting the appro-

priate combinations of tm f

ax’ far S4r and ta into Equation B-26,

1. - Derivation ot Expression for Time of Msximum ERD

In order to compute the magnitude of the maximum ERD es a function

- B-19 -
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of tys Lo and fd from Equation B-26, it is first necessary to
determine the time of maximum ERD, thays 85 8 function of these
variables. The general behavior of tmax as a function of ter By
and £, 15 obtained by first differentiating Equation B-26, This

devivative is as follows:

dp
1 R _ -1,2 VU R -.2
- = £ [t + .003825¢ .003825t ]

o)

(1

~

. [.003376 ta-.z + .003825 td"z] (8-27)

for L, St

The expression for the time of the maximum ERD as a function
t» and £, can be obtained for t
this derivative to zero and replacing t by tma

of tes 1 S Coax by simply equating

% This results in
the following expression:

-.2 -1.2

ax

-,2

fd(twm + 262 tm ) = 8825 t‘1

. =2
- =L Gy ) (B-28)

where tax is the time in hours at which the ERD is a maximum,
2, avior of the Time of Maximum E

Before numberically evaluating tmax in Equation B-28 as a
function of fd, tys and ts it is worthwhile to observe the behavior

of tmAx when f

d and t, are allowed to vary aud ta is held invariant.

This operation is necessary because Equation 3-28 does not produce

the correct tmax for certain combinatjions of fd and td. The reason

- B-20 -
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for this may be seen in Equation B-~26, Equation B-26 is only valid

for t 2t Therefore, Equation B-27 is only valid for t > td and

q°
Equation B-28 1s only valid for e 2 ty Although mathematically

valid for - o« < tax < and therefore all fd’ ty comblnations,

Equation B-28 only applies to the physical situation when cmax 2 tye
Therefore, it is useful to examine the behavior of tmax as a function
of ty and fd and to determine the range of tys fd, combinations such
that tmax can be determined from Equation B-28,

When Equation B-28 is a valid expression for t it can be

max’

seen that:
(1) for fixed £4 88 t, increases, toex decreases, and
(2) for fixed ty, a8 fd decreases, tmax decreases,

These two observations lead to the behavior of tmnx as a function

of ty and fd as follows:
(1) First, fix £, at fg and examine t oax (td) (see Figure B-7).

As t, increases, tax decreases until Point A 1g reached

d

when ty . Denote thia time of maximum (i.e., minimum

-t
max

= .1 -
rax such that ty tmex) by tmax and this ty by tg. There

fore, at Point A, tH-td-t

ol ] As t, ineveases beyond
‘max

max’ d

tg, toax also increases at the same rate until Point B is
reached, That is, along the path AB, Erax is equel to tye
At Point B, tmax 1s the same as the time of maximum without
dacontamination., Denote this time of maximum by e’ When
ty is greater than tmw’ the maximum wili not be affected by

the decontamination operavion because the maximmm was reached

- B-21 -




-before £y Therefore, as t; increases beyond Cone tm
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(2) Second, fix by at tf and cxamine toax (fd) (see FPigure B-8),

When fd-l.O, the decontamination operation is completely
ineffective and thax OCCUrS at t o as it would in the
absence of any decontamination, As fd decreases from 1,0,
toax decreases until Point A is reached. Point A 1is the
place where Lax becomes equal to tg. Denote this time of
: *
maximur (i.c,, minimun tax such that tmax-ta‘) by L and

this fd by Ea‘. As fd decreases below £§, tax remains

\ * .
unchanged and equal to tmax' :
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The important aspects to be inferred from thess illustrations are:

1)

(2)

Then

For a glven t_ and a pre~salected tys called :!, thare is
an f! such that for any fd < 53 neither the time nor the
magnitude of the maximum ERD will be decreased below that
achieved by using fg. For any fd > fg the maximum ERD

can be reduced by apolying a more effective fd‘

For a given t and a pre-selectad fd’ called fa. thera (s a
tg such that for any ty 2 t¥, the time and mugnitude of the
maximum ERD will be the same as the time lnd'm;gnituda of
the ERD at the moment when the decontsmination operation
takes effezt (t

d)'
£g, tg combinations can be determined by setting fd-fg and

tmax-td-tg in Equation B-28 (which gives tmax as a function of t!,

td,

and fd). This substitution results in the following equetion for fg.
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8825 cﬂ-.z -2
—— = for t¥ = 2.5 t, (B-29)

]
i, L

f*-
d 262 ¢}

Thus, this equation represents the lowest vniue of fd (that is,
Eg) that must be considered in determining the time and magnitude
of maximum ERD for any combination of cd - tg and ta' It will be
used in the subsequent section to estabiish boundavies in evaluating
Eux 288 function of ¢t , t,, and Ed' In addition, from an operational
standpoint, the fg represents the most effective fd for a given t.
and cg. That is, any Ed above the fg indicated by this equation for
a given ta and tg wil) result in a higher maximum ERD, Any better
(smaller) fd will not reduce the maximum ERD below that achieved by
using £, This equation is graphed 1n7F13ure B-9 which gives fa as
a function of t¥ for sele.ted ta's of 1, 2, 3, 5, 7 and 9 hours,
3. ution fo ax

As previously mentioned, tmax can be determined for varicus t.,
and ty and fd combinations from Equation B-28 for ty < t. The only
other conatraints that have been placed on the operation are that
tq = 2.5 t, and ta < 17 houra, For the purpose of fhis analysis tmax
13 determined as a function of t for selected ta'a and fd'a in the
following manner.

The right sidc of Equation B-28 can be expressed as

-.2

_-2
x = 8825 € 77 - (L-£,) ¢ , (B-30)

and simflarly the left side can be expressed as,

-.2

, -1,2,. }
X = fd(:max + 262t ). (3-31)
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8y fixing t in Equation B-30, td can be graphed ag a function

.of x for selected £,'s. Figures E-10a, B-10b, and B-10c show x
as a funcgion of t; for Ed's of .05, .2, .4, .6, and .8 for t"a of

1, 3, 9 hours respectively, From Equation B-31, toax also can be
graphed, as is done in Figure B-11, as a function of =x for the same
Ed's. From Figures B-10a, B-10b, and B-10c, the v-ige of =®
corresponding fo a fixed L, and the desired combination of fd and £,
can bz determined., The tax corresponding to this combination can

then be determined hy locating this value of x 1in Figure B-11 for the

same f,, and then reading the appropriate trax

To assure that the pre-selected tq is less than or equal to Enax
for the particular £; of interest, Equation B-29 or Figure B-9 must
be used, As previously discussed, the fg given by this equation
represents the minimum value of [4 that must be considered for a givch

t,. Therefore to assure that the selected ty < tax for the deaired

d

fd’ fd must be equal to or greater thau fﬁ for that td' This can
readtly be determined from Figurc B-9 for selected cases. PFor ewvample,

if tanl and the selected t, is 50 hours, then f: = 18, For any fd < E:

d
for t, = 50 hours, . will be equal to tye Therefore only those
f,2 .18 should be considered for a ty of 50 hours and t, of 1 hour,
Through the use of the above procedure, Eoay 28 @ function of td
has been determined for wvarious fd's and ta'a. The results arxe
summarized in Figures B-12a, B~12b, B-12c, for L 1, 3, 9 hours

respectively, 1In each of these figures, tmax is given for a fixed

t,asa function of t for fd's of 0, ,05, .2, .4, .6 and .8, Both
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trax and t, are expressed in hours after the time that'dcpoaition
of fallout ceases (i,e., tmax - 2.5 te and ty - 2.5 tn)' The fd = 0
curves in these figures were derived by'simple application of the
fact that when all fallout is removed at a given tys the maximum

ERD w11l occur at that t That is, for all points on the kg = 0

q°
curves td - tmax' The point of intersection of a given fd->'0 curve
with the fd = 0 curve indicates that if decontamination {s delayed
until this time, any smaller fd would not decrease the maximum ERD,

4 u of E|

The magnitude of the maximum ERD can be computed by substituting
the desired combinations of ter tyo and fd into Equation B-26 along
with thelr corresponding tmax'a' These tmax'a a8 previocusly discussed
are given as & function of ty by Figures B-12a - B~12c for selected
t"a and fd'a. Equation B-26 has been evaluated for selected ta'o
and fd'n. These results are graphically summarized in Figures B-13a,
B-13b, and B-13c in the next section, The maximum ERD without
decontamination is presented as a function of ty for (right-hand scale)
L, = 1, 3, and 9 and £4=0, .2, .4, .6 and .8 for each t,. Since 1Q))
has been normalized, these curves allow computation of maximum ERD for
any combination of I(l) and PF as long as the individual remains in

the same fallout field and at the same PF in which he first began

accumulating radiation dose,

- B-31 -




o S T AT T VTSN e VN ST R A PR R T R T T

..ll.l.il'_"'lll"|'l"'

(ssewed Jm0TT8; 3mIFw sxooy up ewpl) §°2-T3
0001 , 003 : o1 1

_ f } oy Yot
b i
“
S
x 1
Il il
< -4 | LK
2l ‘l
tahiaas Tien .
B i : 1 .
gt t
Ziizz T i
z :
== = = o
q . g 1L + 3
i p ) 1 ]
Bitare . =~
. . .
X L]
H »o §iy 1
- - .. 44
- - vuu
‘=
T _ ] i LI ) e !
W _ _ ~V :
T IRO0% Ha p = 4y i M sal W
ok T T . ik >
i it 3 1 ; > :
11 MO SLAEY 620 DRANN I " ! =
I Lme - 11
B J 1:-1 1 H ”m.t W
| i + ?
3 T ”
v
' 3 ! yiin ; = =
- H - 0 g a
r == ! ? 2e3e
” : i : : : [Eara &S m
3 2= 2 = H SSSS=m 2% PrrL Jeane AR pues : “
St

-1(wJ 293je s1noy Uy ewyI) §°Z-

- 211 0001




By

(38930 INO|[¥] I9IIe 3In0OY UJ awil) S L~

m R R T
| i ISR RN i
11 1 1 SIAREEH oY T
L i wdhadad - -
iy ,
[ I m e e —
$ ;—w . e—— P
1 " v o-—— . ” “.l‘
‘ H .
, [~
ES - .
: T 2 :
e Pruolon
T =l3ziis R Hl
#t it I
gt - i
ne - - e e
el 3
= p= s i3
Res SE2S 22 == 25
 sd o i ETRES g
] v : i e fred
s + 2 SEN= -3
E 5 paEs Fan 2t SE RS 3
oy ++ > - T
5 Bt ] 3 - S
1 s =35 = . PR =l - sl
¥ . = - “Ull.|~..1 123
3 H
Ll
-
SR
: —
i J
1 VR
— o
peeh ne e
i h e, o
- Badrsig' o
T T 2
1] LS “
. i1z
22 EC ]S rio s S
THEs —
By Si% R e R TR 3

XPm
X¥T, 29z 4 . 3) P31

"2 528" = ;.70 .-

z°-

-11e3 a833je sanoy uy awll) 6 °L-

qz1-4 TEADIII

oco1

. adoplighis.
s omgn R MRS e - - e - .

B-33 -



i GID KN N O DN @0 ow ey e Wl bml e e e s Bl B e

) (ssewe0 MOTIWZ 193J¥% sInoy Ul IwWy3) m.uuuvu
0001 . 001 01 1

T I T ?
H \{ 1 ; | RS M 1 o1
! T i P { L [
> + h = T
N i Sl . o L iy
g T M T L 4 BN Tyt
! ok 1 H M| T
T ] Hif BANNE
1 TOrT I i P T LENN AR
I r T H T O I WA
: 1 i
+1 t + —
I i Ly 4 E -
1 at i T ; —t
1 I ! 2 : T
11 4 . <
I i u : 2! T = i -
¥ = 4 1 n T + et — 3 3
e 5 - . iy T g t I 4
e ) o 4+
;s Binit o - ooy
1 SRE 1P I =
STroIIz =
= £33 et = e rS R e e —
= asEsy = e =25p : == == ==
RAcY (bAT O uay o (4911 Im am : 0 AXENA ) Tt m ..lﬂnl = 't pEBEA :
a8 boaak o HY mm A b IPUT SpUEN | 17 s hpmas whert il e, Sepiimetpa t 7 ]
: S 20 087 b s z ang it TR S TINGST TS 3 :
S L . L7 i
ror T e s . Sirdror e 12 *7 e : Pt
= p 24 [T It + T T = T T 7 rmamppn Smv—
11 7 +
hony - i 1 e - -
sk 31 13 Pt oo e e po: orons oty B et
- Sy 23
B ah
T T a
x

{Bos=a0 Juo

-TI%®J 29339 BANOY uy awyl) ¢ 77~

0001

- R-34 -



IV, REDUCTION IN ERD DUE TO DECONTAMINATION

A, Introduction and Dexivation

The previous derivations and evaluations of the ERD with and without
decontamination provide a basis for ascertaining the value of decontamination
(or similar operations) in reducing potential dose as a function of ta’ td'
and fd' This value can be conveniently measured by forming the ratio of the

maximum ERD with decontamination to that with no decontamination, as follows:

R = Dax ERD with decontamination - DR(tmag’ta'td'fdl (8-32)
max ERD without decontamination DR(tmax,ta)

whe'e R 1ia denoted as the value ratio. The evaluation of R {18 given by
appropriately combining the results of Sections II and IIT,

More specifically, the maximum ERD without decontamination, DR(tm,ca),
is given as a function of ta when Equations B-20 and B-22 are properly
combined and evaluated at the timc of maximum ERD without decontamination,

The analogous results for the maximum ERD with decontaminatfion, DR(tm,ta,td,fd),
arc given by Equations B-26 and B-28 as a function of ta'td’ and fd' By
evaluating these expressions, the value of decontamination in reducing dosc

is obtainable. For this analysis R will be evaluated as a functiou of ty

for those tﬂ's and fd‘s for which the numarator and denominator of Equation
B-32 have previously been determined in Sections II and III,

The summarized results for R, determined by combining the values of
maximum ERD from the right-hand scale of Figures B-13a, B-13b, and B-12c with
thosc of Figure B-3, are presented in Figures B-13a, B-13b, B-13c (left-hand

The reduction in ERD due to decontamination is given as a function

scale),

- B-35 -
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of £ and tor f. = 0.2, .4, .6, and ,8 for cach L, (t.3 « 1, 3, and 9
hours). This reduction is expressed in terms of the fraction of the
dose that would be received if decontamination is activated. Time of
decontawination is given both as time after detonation (td) and time
after the time at which fallout deposition ceases (td - 2.5 ta).

B, Discussion of Results

Primarily, these rceults allow a simple and "uncluttered' view of

the cffectivencss of decontamination in reducing radiation dose (ERD)
over most of the apectrum of important enviremmental parameters, 1In
addition, they indicate the precisc trade-offs between these parameters
for a specified fractional reduction in ERD, For example, for t, of 1
hour, [d of ,6, activated at 24 hours after cessation of fallout is
equivalent to [d of zerd at 47 hours (estimated trom Figure B-13a),

In interpreting these vresults id is worthwhile to brar in mind that
they are applicable not only to decontamination, hut any countermeasure
which reduces the {ntenaity in the same manner, (i,e.,, when the counter-
measure affects the intensity the same ar the defined ld havain), It
should be noted that these mathematical results are independent of the
level of initial intensity considered for the individual or the PF of the
shelter in which he is located when he begins to accumulate dose, For
practical application, however, the ERD must rempin below 200 R. It is
also assumed that he remains in the same 1ocatioﬁ throughout the time
of interest (i.e., he remains in the same inside tntensity field as the

onc in which he first began accumulating any dose),
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Appendix C

Total Dose Approximations for Brief

Exposure in a Fallout Enviromment

I, INTRODUCTION AND SUMMARY

A, To Dose ression

The modeling and analysis of operations in a fallout enviromment often
requires an expression for the total dose received by an individual over a
finite intexval of time. When the individual is located in a facility whoae
protection factor ie PF, the rate at which he accumulates dose is given by
the expression

I(t) = l%%l t.k roentgens/hour (c~1)

where t 1is the time after detonation in hours, k is the d:cay constant
(usually set equal to 1.2), and I1(l) is the t = 1 reference dose rate in
the fallout field where the facility is located. The total dose received
by an individual during the time he is in the facility is normally obtained
by integrating the dose rate over this same period of time. If the individual
is in the facility from time t, to time te 4+ At, then the dose received is

£ 4+ At

D(t,, at) = [ ¢ I(t) dt

t
e

= -I-p%)- T}T (r.};k - (te + At)l'k) roentgens (C-2)

where k > 1 {5 assumed. Although the proceas used to obtain this expression

tor total dose i3 simple, the expression itself is quite cumbersome for

- C-1 -
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muny applications {for example, in detormining ¢ 2¢ & function nf X{1)
PF, k, At, and the total dose, D).

Many difficulties associated with ths «xpression for total dose given
in Equation C-2 can be eliminated by using an appropriate approximation for
the total dose received. This study conslders two approximations that
eliminate some of the difficulties. The two approximations that will be
considered are illustrated in Figure C-1., For comparison, the "true" to:al
dose is also illustrated in Figure C-1, It will be shown that the accuracy

t

of both approximations depends on the size of the ratio Z% and on the value

of k. As the ratio increases, the accuracy increases, This study examines
this accuracy of the two approximations in detail and presents several curves

t

that j{llustrate the behavior of the error when :% and k are allowed to

vary,
B. FElxst Approximation
In the first example, the total dose receivad f{rom time te to time
e + .t is approximaied by multlplying the duzation of the cxposurc interval,
At, by the dose rate at the center of the interval, I(te + %;9. 1f this

approximation is called Dl(te, At), then

I{) X
Dl(te’ At) = “éﬁl (f-e + ) k At roentgens (c-3)

D.-D
The error, 8 = P that results when this approximation (Equation C-3)
) 1

is used to determine the total dose is dexrived in Section II and the results

t
are displayed in Figure C-2 as a func tion of the ratio Z% . In the derivation
section it is shawn that the resultant error 81, decreases toward zero as

t

the ratio :% increases. Therefore, when one is concerned with a range of
P
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T
values of -/fé ratice, the svvor is aluays less than the error assoclated with
A t
the smallest -;‘-;‘ ratio in the range of interest (a range of values of A—%
L. &

ratios will be the case, for example, when te is baing determined as @

function of At and Dl(te’ At)). In Figure C-2 when k = 1,2, the error rhat

t .
results when Z% is equal to 2.85 is seen to be .01 (1%). That means that
t
for any Xi‘ greater than 2,85, the resultant error will always be less than

t
1%. Similarly, if /-\% is greuter than 1,0, then the error will always be

leas than .052 (5.2%) when k = 1,2,
C. Second Approximation

As a second example, the total dose received from time t, to time
t, + At can be approximated by multiplying the duration of the exposure
interval, at, by the dose rate at the beginning of the interval, I(te).

If this approximation is called Dz(te, At), then

- 1 -k "
Dz(ce, At) PF (t:e) At roentgens (C-4)
D,-D
The evvor, O = 5 that results when this ammroximation (Equation

C-4) is used to determine the total dose is derived in Section IIT and the
results are displayed in Figure C-3. This figure gives the error as a

function of the ratio, for a set of decay constants, k. In Section III
t

this error is shown to decrease towaxrd zero as ihe ratio /-k% increases., For

£
At?

an example of the actual error, when k = 1.2, the error that results when
t

\—i is equal to 7.7 is, from Figure C-3, equal to .07 (that is, 7%). That
o t
means that for any z\_(:: greater than 7.7, the resultant error will always be

less than 7%.
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D. Summary of Examples of the Use of the Approximations

Thec use of thase approntimations to achieve aimple expresgiong that ara

applicable for operations analyses and planning is illustrated in the final
section of this paper, There, the problem of determining the earliest time,
ter of activity resumption or initiation is investigated. Expressions for
t, are developed to show the effect on te of changing the activity duration,
the fallout field characteristics (I(l) and k), and the allowable dose to bd
received in the performance of the activity.

Finally, this entry time is determined when radiological countermeasure
operationa such us decontamination are used to accelerate the recovery process
by shortening the above entry time. When a countermeasure operation leads
to a reduced entry time (with the allowable dose remaining unchunged), the
amount of that time reductlion is called the "time saved" in resuming or
initiating @ particular activity, By using the first approximation (Equation
C-3) this time saved, T , {8 derived as the product of the maximum possible
time saved and per cent savings realized. The maximum possible timc saved
is the Lime that would be saved {f thc countermessurc operation were ifdeal
(for decontamination, complete removal of all fallout material), This
maximum possible time saved--a function of lé%l, activity duration, at, and
allowable dosc--is displayed in Figure ©-7. As shown in Section IV, when
the allowable dose is fixed, the maximum possible time saved is, indeed, not
equal to te (without decontamination) but rather is equal to te + %;_ The
per cent savings realized is the per cent of the maximum that is achieved
with a non-ideal countermeasure. This per cent savings realized-- a function
of the countermeasure effectivenens (defined in Section III)--is displayed

in Figure C-8,
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I1, VFIRST APPROXIMATION ERROR ANALYSIS

Using the symbols defined in the preceding scctioa, the actual total

dose received between time te and te + AL,
1-k
D(t_, At) = L (—L)(t - (e +ar) ), (c-2)
] PF -]
is to be appreximated by the following:
by (r, o) = HEL e 4 4B ae (c-3)

The error, E,, that results when Dl(te, At) is used in place of D(te' At)

is defined as follows:

D(te, [\C) - Dl(te' /\t)
By = Dlt,, Ab) (c-3)
D, (t , At)
A e’ "7 .
il R (te. At} (c-6)

To determine the error, El' it is convenient to analyze the ratio Rl, vhere

D(t,, At)
R, = m) ' -7
- ( o) (f - (rg + .'\t)l'k)(t:e + 4‘25)k t (c-8)
£ t t
L cegylk —eyl-ky 1l . ek .
S G EHT - e DTG D (©-9)

t
In Equation €-9, let /—\-% = a, Furthermore, let t, > At so that a > 1 will

- C-8 =
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bound the range of & in the subsequent analysis., Equation C-9 becomes

R o= o) @R asdt T E a0k (c-10)

Because k > 1 and a > 1, it is ohvious that Rl > 0. Additional information--
that R1 approaches 1 as a increases--may be learned by changing the form of

the expression for in Equation C-10Q to
Xp

1
1+—
1+e 2e. k 1,k-1
Ry = Go7) ( 1“) @+ -0, (c-11)
1 a

and then replacing the last two terms by the appropriate power series as

follows:

r ,k 1 r, ,l4a k-1, 1
Ri= (2 (D7 Q) Gap) @D (= Gl ) -1 (c-12)
r=0 ra(

k k(k-1)
ZG+y T

-a- - ara) GeERL ) @

21 (2(a+1))2 2'a

From Equation C-13, it can be seen thsat, for fixed k , k > 1, the value R1

-
k%

approaches 1 as the ratio a = Z% increases.
t
In addition, Rl monotonically decreases toward 1 as the fraction a = R%

increases, This can be seen by ¢xamining the derivative of R, with respect

1
to a as follows:

d
E.;ﬁ =12 @+ D @ @ HR ar2a -0 - rak))  (c-10)

In the right hand side of Equation C-14, the first four factors arc always
positive, Thercfore, it is only necessary to show that the one remaining

factor, ((L + %)k (1+2a-k) - (1+c2+k)), 1s always negative, Call this factor F.

-~ (-9 -
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To show that F < 0 for the k's of interest in this paper (1l < k < 4), expand

Q + %)k in a power series, £ (k) l—t, and retain only the first group of

=0 ¥ a

consecutive poaitive terms as follows:

for 1 <k

for 2 <k g

for 2 < k

<2
5_(1+E+5ﬁ§u-(1+2a-k)-(1+21+k) (C-15)
<=kl - 2w+ (C-16)
2a
<% a-nico (€-17)
2a
<3
< +:-“l—+1‘-ﬁ‘-—;—2—‘)-+-“-¢3‘?l‘3-3“31) (L+2a-k) - (1L+2a+k (C-18)
< 3-‘5—3 (kY + (G-a)k® - Sk + 2 + a) (C-19)
'
< 3‘-‘-3 (- ky &+ (@3) k+2+2) (c-20)
'a
53“3(1-:;)((k-nck-z)+.(k+1))so (c-21)
' a
<4
<a+Ey 52“-‘-}‘)2- + H‘L'—l)-g‘—ﬂ + 2L (2D (e03)) (1424-k) - (1+205k)

3! a 4! a (c-22)

< KO (03 4 a - 6% 4 (4a® - 20 4 11) k + (4a? - da - 6)) (C-23)
4! a

<kg1-k)((k ©1) (k-2) (k- 3)+2a (c-2) (k- 1)+ ba kH1))< O
(C-24)
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Therefore “Ga is negative when k 1is the range of interest, 1 < k < 4, and

when a > 1. Because this derivative *s negative, Rl monotenically decreases
t

toward 1 as the ratio a = zf increases, In terms of the error, El, as RI

decreaces toward 1, its reciprocal increases toward 1 and therefore, the

erroc decreases toward zero, The actual error is easily determined by

combining Equations C-6, C-7, and C-10 as follows:

L
E, = I 1- R1l , (C-25)
R S (c-26)
R
k -1
-] - - - T (6‘27)
)k 1 - @™

To compare E, with Rl, let

1

Rl =1+ 51 , (c-28)
so that
5
El -1 61 s (C-29)
2 3
=0 -5 *+ B~y (c-30)
<8 - (c-31)
t
The size of s and therefore the bound on El' depends on a = R% and on k,

If for fixed k the error bound 8y is known for any 8. then the error

associated with any a > a will be less than § That is,

1

E1 (ax,k) > El (a,k) for a <a . (C-32)

- C-11 -
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As a convenience, a selected set of bounds on the error uas a function of
k and a is presented in Figure C-2. 1In Figure C-2, for selected set of

k (k=1.1, 1.2, L.,5, 2.3) and error bounds, 5,, between .001 and .10,

t
the minimum value of a = ﬁ such that the error is less than the desired

bound is presented. As an example, when k = 1.2, the error, By» will alwvays

r
be less than .03 (3%) if the ratioc a = XE is greuter than 1,46,

TII. SECOND APPROXIMATION ERROR ANALYSIS

Continuing from Section I, the total dosc received hetween time t, and

time te + AL,
o, a0y w BB ol kL 4 anty (c-2)

is to be approximated by the following:

. W LAY . vk :
”2(%' AL) °F (Lﬂ) AL, (C-4)

The error, E,, that resultr whea Dz(tu, At) 1s uvded in place of D(:e, At) is
defined as follows:

D(ce, AL) - Dz(tﬁ, At)
E= nir,, At » (c-33)

Dz(tc..ﬁt)

211 - -ﬁ‘(-ce"'";i:)' . (C-34)

As in the previous section, let

- C-12 -
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D(t_, at)
B 5,0, a0 (c-35)

t
- @ ha- &l c-36)
-3

= Gy At - e hHH (€-37)

t
where & = Z‘g . Again, if k > 1 and a > 1, then R, > 0. Expanding

1+ %)l-k’ Equation C-37 becomea,

R, = ("_,;?I) (r-qQ+ —1-;—'5 +-G——:f-g—"—1‘l +.0)) (c-38)
L L4 a
_l_ﬁ;+%iki;_l,ﬁfﬂl.(kﬂ).+m . (c-39)

’ 2! & !a

L
As the ratio a = Z: lucreases, R?‘ approaches 1 and R? < 1. The behavior

of R2 can be further understond by examining the derivative of R2 with

respect to &,

dR
2 . = .qa-k + Ayk .
WG -0 -0 ey (C-40)

This, as expected, is poafrive when k > 1 aud a > 1, Therefere, ILZ monotoni-

t
cally increases toward 1 as the railo a = _&_e_ inereasen, o terms of the

error, EZ’ and R2 increases toward 1, its reclprocal dacreases toward 1,
and therefore, the error decrauses toward zero. The actusl error may oe

determined by combining Equations C-34 and C-37 as follows:

1 1 :
R e (c-41)
2 R, , R
&b a-ashtyt o (c-42)
- 13 -
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Tc compare EZ with R,, let
-

e o= =

Rla1+s, , (C-43)
so that
E2 =8, (C-44)
t
The size of 52, and therefore the bound c¢n Ez, depends on a = Z% and on k.,
If for fixed k the error 62 is known for any a8, then the error associated
with any a > a_ will be less than 82. That is,
Ez(ux,k) > Ez(n,k) for a_<a . (C-45)

As a convenience, a selested set of bounds on the error as a function of
k and a 18 presented in Figure C-3. In Figure C-3, for a selected set

of k (k=1,1, 1,2, 1,5, 2,0, 3.0) and error bounds, &,, between ,0l and

27
1,0, the minimum value of a such that the error is less than the desired
bound is presented, As an example, when k = 1,2, the error 82 will always

t
be less than .1 (10%) if the ratio a = Z% is greater than 5.9,

IV, TIME SAVED USING TOTAL DCSE APPROXIMATIONS

A, Entry Time

An important problem commonly encountered in tne analyeis oi fallout
operations involves the time at which a particular activity can be fuitiated
or resumed, In such problems, the fallout environment constrains activity
performance through the limitations placed on the allowable dose the individual
engaged in the activity may receive. As an example, assume an {ndividual is

to engage in a particular activity beginning at time te and lasting until

- C-14 -
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time t + At. Let the protection afforded the individual by the activity

be PF 8o that the dose he will receive in performing the activity, DA<te’ At)

is,
JI0Y 1 1-k 1-k !
DA(te, At) PF k-1 (t:e (te + At) ) roentgens. (C-2)

On the basis of the individual®s exposure before and after the activity is
performed, this dose DA(cel At), must be limited and hence the activity must
be planned so that the dose is less than the imposed limit, If this limit
is LA’ then the activity planning must provide that QA(te, At) € L,, The
bounds on the activity performance can be determined by substituting LA for
DA(te’ At) in Equation C-2. It is more convenient, however, to use one of
the two approximations described in the preceding sections because they are
much more readily solved for t Using the first approximation, Equation
C-3, the time at which the activity can be scheduled to begin is, as a
function of the activity duration At,

€, o (A%I.-&)-)”k - é;i hours. (c-46)
The concomitant error in t, determined from Equation C-46 can be determined,
for a range of decay constants k, from Figure C-2, This relationship,
Equation C-46, is illustrated in Figure C-4 where t. is presented aB a
function of At for a selected set of 3%‘%1 values (2, 4, 3, 16, 32, 84,

128, and 256). Also included in this figﬁre is an indication of the
applicable error for each case.

X In the determination of te’ if either the parameters are such that

j% tends to be large, or the error requirements are not stringent, then a

simpler expression for t, can ba determined from the second approximaticn

TR
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by substituting L, for Dz(tc’ At) in Equation C-4. This procedure results

in the following sxpression for t,asa function of aAt:

R TOWIRY, S '
te ( PF LA ) hours. {C-47)

In this case the concomitant error in t, can be determined, for a range of
decay constants k, from Figure C-3, This relationship, Equation C-47, is
illustrated in Figure C-5 vhere I:e is presented as a function of At for a
selected set of %él%- values (2, 4, 8, 16, 32, 64, 128, and 256), Also
Included in this figﬁre is an indication of the applicable error for each
case,
B. TIime Saved

In many cases of essential activities, the time at which the activity
can begin (Equation C-46 or Equn£¥6n C-47) may be undesirably late (large te).

In these situations some form of radioclogical countermeasure 18 used to

decrcase the dose rate,

s
I(t) = lal%ii__. roentgens/nour, (c-1)

by decreasing the applicable value of lé%l . As an example, decontamination
of the facility may lead to such an effective decrease, Let the effect of
> ] I(1) .
such an operation he represented by multiplying the PF constant by a factor
fd‘ whose value lies between zern znd one, After the decontamination operation
is performed, the dose rate is
I(t) = fd i%%l t~k reentgens/hour, (C-48)

and the approximation to the time at which the activity may commence hecomes,

- C-16 -
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using nl(te, ),

At I(1) £

Yo (41K At '

te ( F L ) > hours, (C-49)
Here it is assumed that the operation leading to an fd < 1 was performed at

*
some time ta prior to te .
It is easily seen in Equation C-49 that the decontamination operation

decreased the required delay time for initiation or resumption of the
activity. The actual time which has been saved as a direct result of

*
decontamination is determined by subtracting te from t, as followa:

*

Tm t'3 -t hours, (Cc~50)

. (A—JJ;FILi Y% (1-£,"%) nours, (€-51)
. PCSR :

Tmax 100 ° (C-32)

In Equation C-52, T has been interpreted as the product of two terms

T ard §§§B' The first term T is the limit approached by T as [,
max 100 mAX d

approaches zero. Because f, = O represents perfect or ideal decontamination,
Tmax is called the maximum time saved using perfect decontamination,

Besldes requiring fd = U, perfect decontamination requires td = 0, This
latter requirement implies t: > 0 and as a result places a practical bound
on the effectiveness of fd. That is, as the problem was stated, the dose to
be recelved in the performance of the activity was fixed at LA' If perfect
decontamination werc employed, the dose received would be 2&io and hence much
lower than LA' Tn such a casc, a portion of the decontamination effort Is
used to meet the requirement D(t:,,\t) = L, and the remaining portion of the

A

decontamination effort is used to further reduce the dose to zerc, below the

- C-19 -
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reguivement. This effort used to reduce the dose from LA to zero is not

effoctive in meeting the problem requirement because the requirsment has
*

already been met. This is what is implied by the restyriction te >0 If

this restricticn is not adhered to, confusifon will grow out of the inequality

obtained from comparing Tmax with o that is,

= L -
Tmax t, ¥ 95 (C-53)

and therecfore

Tax® & - (C-54)
In the same sense that anﬂx ia the limit approached aa fd approaches

[
zero, 2%8% 18 the fraction of the maximum that is realized with imperfect

(non-ideal) decontamination., That 1s, PCSR is the per cent savipgs realized

that resules when fd ig a positive number greater than zero,

‘fliese two terms,

PCSR = 100 (1 - fd”k) (C~55)
and
T ALLANLK e, (C-56)

‘max PF LA

are presented in Figures C-6 sand (-7 respectively, Figure C-7 describes
the maximum savings possible far given values of aAt, T(1), PF, and L,, and
Figure C-6 describes the per cent of this that is realized for a given value

of [d'

As au example, assume that an activity is tc be resumed where the

1)

FPF

value 1s 5000 voentgens per hour, In addition assume the individual engaged

- C20 -
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in the activity is to recelve no more than 160 roentgens. From Figure C-7,
L

1f the planned duration of the activity was 10 hours, them the watio A is

160

- 16 and the maximum time saved, Thax’ is 120 hours., If the decontami-

nation effectiveness, £4» 18 .2, then the per cent realized ias, from Figuxe
C-6, 74%. Thercfore, the time saved in resuming the activity is ,74 x 120 ~

89 hours or approximarely 4 days. This savings is a direct result of
decontamination,

As a gecond example, assume that the activity has an l%%l value of 5000
roentgensg per hour, that the individual is to receive no more than 120 roentgens,
and that the duration of the activity will be five days or 120 hours, In this
case, from Figure C-7, the maximum time saved is8 50 days. If the decontaminstion
effectiveness is .3, the time saved becomes .638 x 50 = 32 days., From Figure
C-4, the earliest time of activity resnmption without decontamination would
be 47.5 days., Therefore, with decontamination, the activity can be resumed at
47.5 - 32 = 15.5 daye after detonation--thus saving 32 days,

As expected, the above discusaion presents an example of the aimplicity
that results from the use of the total dose approximations mentioned ia the
introductory section. Many different applications exist as well as different
interpretations of the material presented above. The only constraint in
using the approximations involves the allowable exror (presented in Figures
C-2 and C-3). Even this restriction can be relaxed considerably because the
direction and magnitude of the error are known and therefore can be accounted

t

for by biasing the interpretation of the results of the analysis when R% is

low,
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Appendix D

The Effectiveness of Radiological Countexrmeasures in

Accelerating Postattack Recovery

1. SUMMARY

The material in this Appendix was developed to determine the extent
to which radiological countermeasures could accelarate the postattack
recovery process. In the development, the recovery of an activity is
spreified in terms of the duration of the activity, At, and the time when
the activity is to commence, te. Other activity characteristics that
aftect the dose received by the performing personnel are absorbed into
an activity intensity constant, H, which also accounts for the fallout
radiation field characteristics, For the purpose of this summary, H
may be considered to be the common W1 reference intensity, T(l), at the
place where the personnel are located, The personnel performing the
activity are spceified in terms of the allowable radiation dose, D, one
may reccive In performing the activity. This dose specification 1s made
in terms of ritvher total dose or cquivalent residual dose (ERD), or both,
deprnding on the length of the activity duration, The countermeasure is
specificd by jrs effectyveness, [d’ in causing a reduction in dose received
by an individaal an pertforming 2 scheduled operation,

Obviously, the above paramcters are not all independent, In particular,
of the five (At, s A, D, fd), any four mov be repavdad as dndeps adent and

the fifth can be expressed in teyms of fhem. Snch eorpresalone are developed
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Appendix D

The Effectiveness of Radiological Countermeasures in

Accelerating Postattack Recovery

I. SUMMARY

The material in this Appendix was developed to determine the extent
to which radiological countermeasures could accelerate the postattack |
recovery process. In the development, the recovery of an activity is
specified in terms of the duration of the activity, At, and the time when
the activity is to commence, te. Other activity characteristics that
affect the dose received by the performing persomnel are absorbed into
‘an activity intensity constant, H, which also accounts for the fallout
radiation fie1§ characteristics, For the purpose of this summary, H
may be considéred to be the common H+l reference intensity, I(1l), at the
place where the personnel are located. The persoﬂnel,perfo:ming the
activity are specified in terms of the allowable radiatidn dséé, D, one
may receive in performing the activity. This dose specification is made
in terms of either total dése or equivalent residual dose (ERD), c- both,
depending on the length of the activity duration, The countermeasure is
specified by its effectiveness, fd’ in causing a xeduction in dose receivedri
by an individval in performing &£ scheduled operation,

Obviously, the above parameters are not all independent. In particular,
of the five (At, t.» 4, D, fd), any four may be regarded as independent and

the fifth can be expressed in terms of them, Such expressions are developed
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in the analysis section of this report. Although each parameter is treated
as the dependent variable at some time in the analysis, the emphasis is
placed on expressing t asa function of H, D, At, and fd. There, the
intent is to determine how the time when the activity may commence, te,
varies as a function of the countermeasure effectiveness, fd’ and the
operating constraints, At, H, and D. By holding these operating.constraints
constant, it is then possible to determine the difference between the time
when the activity may commence if the countermeasure is not employed, t:,
and the time when the activity may commence if the countermeasure is
employed, ..

This difference, t: -t is the time, T, that is saved in recovering

an activity as a direct result of a particular countermeasure.. This time

saved is expressed in this appendix as a function of the ope}atihg‘cdndttaints,‘r

At, D, and H, and the countermeasure effectiveness, f,. ‘Sété”oftperforﬁaQCé
curves that describe the behavior of T as the four paramete:é»vary
independently are presented at the end of the analysis sectiénAasﬁFigutes
D-15 through D-27, | | Lo

In the final section of this appendix, these figures are‘éxamined in a
general manner to determine an impression of the range of situations where
countermeasures appear to be most valuable, There, the measure of effectiveness
is the time saved. The range of situations that is obtained uses the
assumption that T should be at least one week, and that T should be at
least 30 per cent of t:. Under these two assumptions it is shown that the
ra~ge of potentially valuable application is specified by two inequalities,

fd < .7 and HAE 2 k(fd)n, Here, k(fd) is a function of fd whose value is

- D=2 -

Lt o]

oIS




determined from one of the curves in Figures D-24 through D-29. When'

fd = ,7, k(fd) = 100 and range of application is defined by the inequality .
HAt > 100D, In addition, the greater the inequality of HAt and 100D is,

the greater is the resultant zmount of time saved.

II, ANALYSIS

A, Introduction

By using certain radiological countermeasures, it is possible to
accelerate the process of postattack recovery, The amount by which the =
process is accelerated will depend on the effectiveness of the counter-
measure, the amount and distribution of radioactive fallout present in
the area where the recoverable activity and/or facility is located, and
on the persommel--their dose history and the additional allowablc dose that
they may receive in performing the activity.

In the following analysis, the radioactive fallout hazard 18 measured

with respect to the facility wherein the act1vity£is to be recovered‘:by
the dose in roentgens that will be received by”ﬁ

the activity. This dose is called the performancebdose;

: The effectivenees:
of the countermeasure is measured 1) oy the fractional reduction in the |
performance dose brought about by the countermeasure when the timing of

the activity is held constant, and 2). by the fractional reduction in the
activity timing brought about by the countermeasure when the performance
dose is held constant., The allowable dose to be received in performing

the activity is defined in three ways, depending on the perticular time

duration of the activity: if the duration is less than thirty days, then

- D-3 -




the total dose is used; 1f the duration iz more than four daym and less
than thirty days, then the equivalent Eiﬁua’l_rdoaa (ERD) at thw uﬁ-u‘x‘: —
the duration is used; if the duxation is nufﬁétently long that uh ID _
reaches a maximm before the ond of the dnntim, then the waximum

that is reached is used. Obviously, thesa three viewpoints are not a
mutually exciuaive,

The following smalysies combines the above concepts and arrives at l
measure of the amount of recovery acceleration achievad by a pnrticuut'
countermeasurs qipl.ind to a particular situation when the allowable dose
constraints are specified, The amount of aceolarn:‘ton is maasured by tha
"tine saved" in.resuming or intgilttng an ackivity, As vill hecont Epparent,
interast !9 centared in activitiea to be recoversd after the fixat few days
following datonation and during the first few months thereafter.

B. Dose Bats |

The axpression for c__lon rate that will be used in the subsegquent

development is
1(e) = Be"**? roentgens/hour, @)
vwhere t ia the time after detonation in ﬁoutl and H is independent
of time, This expression for dose rate will be used to detersine the
dose that will be received by an individusl while he is performing tha

activity of interest,
In this expression, Fquation M1, the constant H depends on tha
particular situation and on thc intent of the analyst. This constant

relates the activity characteristics {location in the fallout fleld, structure

“ D4 -
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PF,...) to the dose received in performing the activity. The scope and
£laxibiliry of the results produced by tha subsequent analysis axe critioally
dependent on the imagination utilized in interpreting H in a broad and
flexible mannex, In the simplest case of pra-attack plamming the comstant

H may be set equal to l&l where I(1) is the unit time refersnce intensity
in the activity area and PF is the protection factor of the atructure in
which the activity is performed, If at the same timea the activity has a
sequential characteristic that involves several structures with different
PF's, then K might be set equal to Ignwhom l'. is the equivalent
protection fnct:or.* In the sisplest u:o of postattack plamning, H might

be set equal to '.llyl'2

where I 1is the measured dose rate whers the activity
will be performed and y 4is the time after datonation when the mmc;\tﬁt
18 made, These examples are preseated to illustrate simple interpretations
of H. More complicated or flexible interpratations will arise as the
individual's (or individuals') bahavior pattern becomes a complicated
function of time. Irrespective of the particular intarpretation, two rules
must be followed, Pirat, H must be independent of time; and aecond, if
the activity is performed from time t, to time ty + At, vhexa At is tha
activity duration, then H must be chosen so that the total dou" received

by the individual in performing the activity is:

*
See Reference D-1, page 56.

**'mruughout this appendix, DT will vefer to total dose, Dl will refer to

equivalent residual dose (BRD), and D will refer to a dose that is
either total dose or ERD. In both casges, D, and D are calculated assuming

zero prior dose. This assumption doss not restrict the usefulness of
the analysis. Prior dose enters into the application of the analysis
when a determination is made of the allowable subsequent dose,

- D5 -




= ! »"12 4 roentgens. , (r-2)

C. Countermeasure Effectiveneas

In the preceding section the cor:tant H in thu dose rate equation
was chosen to relate the effect of the activity characteristice (locotion,
structure, PF, ...) to the total dose received in perfoﬁing the activity,
Equation D-2. A similar constant, £, 10 chosen to show the effect of a
countermeasure on the dose received in performing the activity. This
constant, £ q° is choser so that if the activity, which is the object of the
countermeasure, 1s performed from time t, to time t AL, then-the total
doge received by the individusl in performing the activity when the .
countermeasura 18 not activated will be

te-IAI:
D, =H f x 12 ax roentgens, - (D-3)

and when the counfermeasure is activated and completed before tine L will

be

Ferar _ ,
D, = fdllj‘ x ' dx roentgens. (D=4)

te
Values of f, that lie between zero and ome (0 £, < 1) will be congidered
in this appendix, MNotice that when f d is set equal to 1, the countermeasure
is, in effect, not activated.

D.  Agtivity Performsnce Dose

While performing a given activity, the individual will receive a cortain

- D-6 ~
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dose of vadiaticn, DBeosuse it ie not
radietion is to an individual, two approachas to the dose received will be
taken in the subsequent development. The first approach will be to determine

the total dose received,

e

D.=£fH S X 1.2 dx roentgens, (D=-4)
when the activity is performed from time t, to time te-l-m:. The second
approach will he to determine the maximum equivalent residual dose received

when the activity is performed from time t, to time te-!m:,

t

Dy = maximm f£.H € W(t=%) w12 ax rosncgens,
t

¢ (n-5)

t, S &S kAt
where W(t-x) 1% a function used to weight the dose rate in order wo simulate
the effect of possible biological vepair and recovery.

For the first approach, the total dose ruceived, from Bquation D-4, 18,

D'l‘ = fd}l 5(!:;’2 - (temc)-'z) rosntgens, {D-6)

®
It has been showm that this expression can be spproximsted as follows:

Dy = fdﬂf\t(te-fAz'-:)_I'z roentgens, (»-7)

t
The concomitant error is less than 1 per cent when /\_‘;‘ 2 2,85 and 19 less
N :
¥
than 5,2 per cent when XE' > 1,0, Because thig error {8 mmall and its bounds

*
See Reference D-2,

- D=7 -
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are known, Equation D-7 will be used to determine the total dose received

in the performance of the activity. This equation is graphed in Figure
D_/At

£n
d
selectad activity durations, At, = 1 day, &4 days, 16 daye, and 32 days.

D-1 where is displayed as a function of activity entzy tima, LI For
In this figure and in the following discusaion, the guantity D/At will de
called the activity "effective intensity" and will be referred to as Ie'
Therefore, in Figure D-1 the normalized -ffective intensity, ;jﬁ , 1o
displayed as a function of te.

For the second approsch, the maximum ERD received is determined from
Equation D-5 for two separate cases: Case I, where the maximum occurs at
the end of the activity or when t = tetat and Case [I, where the maximum
occurs before the end of the activity or when t < te + aAt. In both cases
it is neceasary to begin by selecting the appropriate welighting function

W(t)., The weighting function most commonly used to approximate the effect
of blological repair and recovery 13:*

H(E) = .1+ 9a7 2020 (D-8)
where t 1is in days. This approximation is shown in Figure D-2 along
with the function

W(t) = 1 - 016t , (1-9)
which will be used in this discusslon to approximate the biological effect
fov Gase T whem © £ 35 days. Substituting Equation 9 in Equation 5, the

maximum BRD for Case [ becomes:

*
See Reference D=1,
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e

te4ﬂ£
Dy = £ H (1-.016 (¢ #ae-x)) w2 ax (0-10)
t
e £ AL
u £ H(1-,016¢ -,016at) [ 12
d e v
t At €
& -.2
= f,H .0L6 ! x '" dx roentgens, (P-11)
t

]

which can be approximated to the same accuracy as DT (in Bquation D-7) as

follows:
ot -1.2
DR = de (1-.016(te+Ac)) At(te+ 2)
-1.2
Ak ok
+ £4H .016 (et S8 at(e, + 59 (®-12)
~1,2
- £d}w: (1-,008At) (te + ‘%5‘) roentgens, {p-13)

Comhining Equation D-7 with Equation D-13, this becawes:

DR = (1«,008AL) DT roentgens, (D-14)

This equation will be used to determine the ERD in Case I where it reaches
a maximum at the conclusion of the activity performance. This squation is
graphed in Figure D-3 where DEZAH::- - -::-:-ﬁ is diasplayed as a function of
nctivity entry time, t:e, for selected activity durationa, At = 1, &, 8, 16,
32 days.

In Case II, where the maximum (Equation D-5) occurs for t < to + At,
a slightly different approach will be used, First, it 18 necessary to usa

an approximation for W(t) that is mpplicable over a wider range of At's,

The function which will be used is

- D-11 -
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.36 - ,0135: ST |
W(e) ={.6 - 0045t 40 <dr<92 (1-15)

- .L
.27 - 000914t 92 < 2% °

where t 1s in hours. This function is shown in Figure D-4 along with the
common approximation given as Equation D-8, If this expression, with t-x
subatituted for t, is used to replace W(t-x) in Equation D-5, then the
integration can be performed and the derivegire of DR with respect to

t can be taken, Setting this derivative, at * equal to zero produces

the t's that maximuze the dose DR‘ These t's (dencted by t:m) are graphed

in Figure D-5 as a function of Ly The discontinuity in the first derivative
of this function that appears when Ee is 21 days in Figure D-5 is the

result of the discontinuity in the first derivative of W(t) as given in
Equation D-15, It is useful to smooth the function in the region surrounding
tQ = 2] days and replot the function, This has been done to arrive at

Figure D~6, which presents b temAt, (that is, the time interval batween te
and the time when the ERD becomes & maximum) as a function of L The

value of the corresponding maximum ERD ip presented in Figure D=7 as a

function of t_, This illustration, Figure D-7, presenta the normaiized

maximum ERD, fB— » 48 a function of the activity entry time, t , for the
de ' e

Case II situations where the maximum occurs before the activity is completed,
Therefore, Figure D-7 applies to situations where the activity duratioms,
At, are greater than the t -t =At

moe“m

To compare the Case II approach to ERD that produced Figuxe D-7 with

- D-13 -
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the Case I approach to ERD that produced Figure D-3, it is necaessary to

fntroduce a fictitious At into Figure D-7. If this ia done, then the

Dp/at I,
Case II result can be redrawn as —g—— = —= versus t_and then compared
£ .H £ dH e

with the :zese I graph in Figure D-3, To do this, the most logical At to
use in the Case II approach is At =t -t a8 presented in Figure D-6 as a
function of te. Figure D-8 waa obtajined for such a comparison by dividing

D
the B values in Figure D-7 by the tm-ce values in Figure D=6, The daghed

£.R
line c1|n<:1uded in Figure D-8 is the curve for At = 32 from Figure D-3
extended to intersect the solid line (Case II apprnach) at the proper
position,

This completes the second spproach to the dose received in the

performance of a usrtain activivy, ‘the results of the two approaches

(Figures D-1, D-3, and D-7) axe swmarized in Figure D-9 where the normalized
D d

D
total dose ﬁ , and normalized maximum ERD, ﬁ , are displayed us &
d d

function of activity outry time, LA and activity duration, n%. Iv the
following section, these functions will be inverted to dis;lay the activity
entry time when the duvation, At, and the dose to be rcceived, DR or D.!, are
specified,
E. Activity Eutry lead Time

The activity entry lead time is the time before which the activity
cannot begin L1f the duratiom, At, and the dose, DR or D'l" are specified.
In the previous discussion the dose was determined in terms of the activity
entry time, tes and the activity duration, At., These same expressions can

be inverted to give the entry time, te’ in terms of the dose and the

duration, Expressed in this manner, R is the activity entry lead time,

- D-18 -
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The lead time will depend

or total dose), and the duration. If the interest is :n & specified total
dose, then from Equation D-7, the lead time is:

£4H At .833 .
- &8 hours. (I~16)
e DT 2

If the interest is in a specified maximum ERD occuring at the time :.-m:,

Case I, then from Equarion D-13 the lead time ia:

.833
fdll At 833
P S N (1-.008At)" - & hours. (D-17)
) DR 2

1f the intercst is in a specified maximum ERD occuring before time t.-hm:,
Case 1I, then the lead time {8 graphically determined from Figure D-7,

These three approaches to the activity entry lead time are showm in
Figure D-9 (tu vireus normslized doxe) and in Figure D-10 (c.m versus
acrivity duration ~t). These two figures and Equations IM16 and D-17 will
brn umad in the following diacusasion to determine the effact of the counter-
meature, fd' onm reducing the lead time,

F Countermeasure Effect op lead Time

From the lead time equationz (Equations D-16 and D-17) it can be zeen

that as the countermeasure effectiveness increases (that is, as fd decreasen)

the lead time, tos decresaes.  This effect can be viewed as the lead time
saved, T, as follows:
*
T t. " %, hours (D-19)
X
whore te is the lead time without the countermeasure (& result of asetting

f. cqual to 1) and t iz the lead time with the countermeasure. Therefore,

d

- D21 -
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the time saved when the total doge is specified is, from Egquation D-16,

.833
T m (-Tg—) (l-fd'an) hours, (D~20)
e

From Equation D-17, the time saved when maximum ERD occuring at time

bt ds specified, Case I, is

T (1«.0081;:)'833(-13- 2 (-£,"%%) noura. (p-21)
e

In these two equations (Equation D-20 and Equation D-21) cara muat
be cxercised in estimating the error. The error arises out of the errer
that is containad in t: and in te in Equation D-19, PEacause thesa two
terms in quation D-19 are of opposite sign, the errors ave also of
opposite sign. Thevefove, the error in T is laas than either the errox
in c: or the error in te Because both t: and to involve the sama time
interval, At, and bacause te is less than t:, the dominant arror arises
out of the te tern, This ervor increnses an te decroasens and henca,
increades o8 fd decreases (awe Equationg D-16 and D-17). Therefore,
Fyuatlona D20 and D-21 cannot be used as f, approaches zero. (The actual
error in T is less than the error in Cov which is less than the errer in
DT ns given in the paragraph following Equation D=-7.) If one is careful
not o apply Equation D-20 when fd approaches zero (and, normally, when
{d is less than ,2), then Equation D-20 can be iaterpreted as the product

of potential maximum time saved,

e s Lt



and the fraction realized due to imperfect countermcasurc effectiveness,

F = (1~fd'833) , (n-23)

as follows:

TeTF . (D-24)

Similarly, Equation D~21 can be interpreted as the product of Th, F, and

the result of bilological recovery,

B = (1-.008a6) 833 | {D-25)

as follows:

T=TF . (D-26)

By intcrpreting Equations D-20 and D-21 in thie manner it is easy to
quickly detormine the efferctiveacss of fd' of allowabla ERD or total dose

constralnts, and of %— in reducing the lead time to activity resumption
e

with counteymeasure activities. For thiz purpose, the threo portinent
relationshipa, Bquations D-22, D-23, and D-25, are displayed in Figuras
D-11, D=12 and D-13 respectively,

The afrect of {d and *%“ on the time saved, T, when allowable total
dose i8 specified, can be au;marized by comdining Figurea D=1l and I=i2 as
indicated by Equation D-24. The vesultant cowpoatte is displayed as Figuwve

D-14. This figure presents the time saved in dawva as a function of the

countermeasure effectiveness, fd, when the other variables are covnstrained

in a8 particular manner. Two different methods of constraining the variables

are used to produce two sets of curves. In the first set af curves {solid
T Y

T L
1ines), the normalized intensity,'ﬁs {8 fizmed., Ti this Ja viewed as ?ﬁﬁ
*d
- D24 -
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Witk fd actf equal to unity, then the correspending solid c¢urves velats

ime saved to id when the time to the center of the performance

interval, t + %’- , is held constant. This interpretation follows directly
2
from Equation D-7, which has t + % equal to | T4 times a conatant, g
: [

Because fdwl, the above time of entry, tos ia the time the activity may

.

commence when the countexrmeasure 18 not activated. In summaxy, when the

activity~-inteneity characterfatica, H, the allowable dose, DT' and the

D I
activity durstion, At, axe specified, the solid curve for if? » ﬁﬁ

defines that situation and shows how the time saved iun commencing the

¢

activity depands on the countermeasure cffectivaness, fd' For tha same

-

situation, the actual time of entry can he dotermined from Figure D-1,

The second set of curves (dashed lines) in Figure D~14 is developed

-

by holding constant the time of antry with the countermeasure activated,

This is accomplished by altering t3? foxrm of Equation D-20 as followms:

.833
1=\ & a-5,8%% (0-20)
[
20 R
- 'f;"" (fd -1), (I=27)
fdn .833
In the dashed curves, the first factor, I , has been held
e

constant, From Equation D-7, this factor is equal to te+ %f , which ts
the time to the center of the performance interval when the countermeasurs

is activated, In Figure D-14, these dashed lines were developed for the

case where no activity would be recovered betore the end of a two week

- D-28 -
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shelrer period, indapendent of any countsrmeasura activation, Thig wes 7
accomplished by satting t aqual to 14 days, The four curves were then
selected by varying the performance interval, ant. The four curves, there-
fore, represent the bound of usenble ﬁa, or T, when the time of entry
with the countermeasure activated is fixed,

To detarmine the time saved when maximum FRD occurs during the
performance of the activity (rather than at the conclusion of the activity),
Cage I, Bquation D-19 {8 molved graphically by using Figure D-7. That is,
for a given normalized doge, ;—B , the antry time without the countermeasurs,
t:, io determined from Figure D-7. Then the effect of the countermeasure
is datermined by obtaining from Figure D=7 the entry time ty when the
normalized dose, ?ﬁ.i , 18 uaed, The di.{-'fumnce,Dt: -ty is the time saved
for the situation defined by the given value of -ﬁ .

The three approschea to time saved are combined and premented in a set
of performance curves, Figurea D15 through D=22, Bach figures shows how
the time saved varies am & fimction of fd, the activity duration, at, and
the mannar in which the dose (total dose or ERD) is defined when the
normalized dose, % , 16 specified, The figures cover normalized doses from
.16 to ,00125 in seven steps. The activity durations consideared are 1, 2,
4, 8, 16, and 32 days (total dose and maximum ERD cccurring befora the end
of the activity, Case I), and an infinite duration (maximuzn ERD occurring
before the end of the activity, Case II), Tn addition, any curve not
explicitly presented can be quickly obtained in the manner discussed in the

preceding paragraphs of this section,
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An additional sct of performance curves, Figures D-23 through D-29,

Lo e ¥ £ fRery Py
I (. *a

are inciuded to ijiustrate the H, Tar £g
time to be saved is specified and total dose is the constraint. Flgure

D-23 shows the effect of fl and I on the relationship between H and

t
T. Each of Figures D-24 through D-29 show, for a fixed Ed' the H, Ie

trade-offs when the time to be aaved is specified as 1, 2, &4, 7, 14, 21, 28,

3%, or 42 days. This set of curves is preasanted to help delimit the range
of sttuations where countermcasure activities are potentially useful in
accelexating the recovery process, A general discussion of thim range

of aituations ia presented {n the following section,
I1I, DISGUSSION OF RESULTS

The preceding acctlon developed and presented curves that define the
recovery lead time, ca, and the amount by which the lead uime is reduced,
T, as a function ofl:

(1) H, the activity radiation characteristics;

(2) -st, the duration of the aciiviiy,

(3) D, the allowable dose received i performing the activity;

(4) %z - Ie , the effective dose rate while porforming tne mctivity;

and,

(5) fd’ the effectiveness’of the radiological countermeasure,

Having determined the effect of the above parameters, it is worth-
while to cxamine their combined effect for the purpose of estimating the
range of situations where recovery-orieated countermeasures appear to be
most useful. This final section will present such an examination in a

t
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general manner without reference to specific applications or examples,
The object here is to develop a picture of the time and place of valuable
countermeasure applications,
Three factors that will receive direct attention are:
{1} The relation ef T to the lead time without decontamination, t: i
(2) The absolute vaiue of T; and,

(3) The relation of T ¢to the activity performance dose rate,

A fouxth faztor, very important and difficult to ovaluate, ia the value of
fd that can be achicved with a given amount of effort (manpower). This
factor rolates the countermeasurn manpouwsy effort to the activity of
intexest, Bacausa this appendix has concorned itself with the efEectivenaase,
fd, and not with the manpowar efforc required te achleve that effactivenass,
thiy [actor will not ba digeunsad in this nppundlx.*

The First factor liated above csu be interpreted as follows: If T e
to he valuable, then it must at least be a given per cent (say 20%, 30Y%, or
40%) of the activicy lead fime without war of the countermeasure (t:). That
is, in general, Lf the normal lead tiwe wan 20 dayn, it would probably not
be too great an accomplishment to reduce it to 18 days, Lf the acnivity
was parformed ecarlfer, without uasing any countermeasure (chat L9, hy
increasing the allowable dose), then the fractional increase in dose would

be the reciprocal of the countexmeasuvre wffectiveness requirved to perfowm

*
For a discuszion of this factor when decontamination 18 the coungermeasure,
see Appemidix .
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the activity carlier without increasing thao dose. Because the dose
cannot be reliably preducted or meamsured to closer than 25 to 35 per
cent of the true value,** one might ingist that the value of fd should
be amall enough so that if tha sctivity was recoversd without using the
countexmeasure then the resultant increase in dose would be at loast
35 per cent. This means that fd would have to be leas than ,74.

If at the name time, one dacided that, in ordexr for the counter-
measure to be valunble, the lead time would have to be shortened by

at least 307, then fd should be lesa than .65, This cen be seen by

forming the ratio -I; . This is accomplished either by combining Equations

[
©

D-16 and D=0 (total dese) or hy combining Equations D=17 and D-21 (ERD).
Regardless of which combination {8 used, the following result {ia obtained:

o Rt S R Lk S (D-28)

t A
e €

. *
For a givaad sltuatiecn, At and te' this becomes

L.k (1-f.d'833) , (D-29)
te
At
where K approaches unity as =7 jncreases, If K=1, then T 1is 20% of
t
o

o .
€ when f,2.76, T ia 30% of t¥ when £..65, and T 1is 40% of t when
[ d e d e

[dm.Sh (see Figure D-10). These percentages increase as K increases and,

Sae Reference 2,
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hence, as A% increases, 1If, therefore, a 20% return was considered

t
maxginal, t;en one might ingi.t on a 30% return for the worst case (whare
K=!}y and hence would consider only those countermeasures whosc effective=
ness was at least .65 (that ia, consider only those situations where fd
was less than or equal to .65).

Combining these two approaches, the grestest value of fd that i3 of
general use will be set at ,7, midwey between .65 and .74. Note, that
the trade-offs among H, T, and ;; =1, fox this boundary cage whare de.7
are presented in Figure D-26,

The second factor in the list can be interpreted as follows: If T is
meysured in hourse is it significant? Or, should it be measured in days or
in weeks to be significant? This is another value judgement required in
assgensing the practicality of countermeanure operationa, Tn general, it
would appear that T should be greater than one week if the operation is to
ba feasible, If a minimum T of 7 days iB necessary and a maximum fd of .7
1o neceasary, then the range of H and ie where use of the countermeasuve 18
fnasible can be seen in Figure D-26, In Figure D-26, the boundary case where
£4=.7, it can be seen that T > 1 week if %‘ 2 100, That is, 1f B=1000, then

[}

D

IE should be less than 10, Because Ie = R% , 3£ DT=200, then At ahould be

longexr than 20 days for the countexmeasure, in general, to be worthwhile,
As another example, assume the countermessure efficiency, fd was . 5.

Then, from Figure D-28, %“ should be greater then 50 {f T i8 to be

[

greater than one week, Iet H=1000 r/ir. In this casze %— > 50 implies that
‘e
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D,
1 . 20, or that D

-‘\
e” At T 200r, then At > 10 days

< 20 at, Thus, if DT

is a situation where the countermeasure is potentially veluable, Obviously,

ko

the range of applicability At > 10 days, is considerably wider than the

me

range whea £, = 7, which was nt > 20 days,

d

In sunmary, if T 18 the minimum useful T, and if £, 18 given,
i L

then f[rom the proper [, figure (oné>5f.?136fes D-24 through D-29) a constant

d
r n o 1944 3 3 i
K (fd, lmin> can be detaimined such that Ie > K(fd’Tan) insurcs that 1

will be greater than Tm Therefore, the progreasion,

in’
Hook(g,,T., ) (0-30)
Io da*“min” ? .
O R(ELT )
%& o —-4l min® , (p-31)
i H

R(E,,T , )
SN . 1 1
AL - B DT

(D-32)

¥

R A TR s

R TER WS SR SR W oW

T A T ORI | L AT

and in partieular, the tast inequality, defines the corresponding range of

aituatious, AL, RT’ and i, where the countermessure iw# potentially valuable,
In regarda to the third factor on the list, it is interesting to

examine only the ratio ~%§ and obtain an indication of its value, As was

done in the case of the firast factor, Fquations B-16 and D-20 may be combined

to yield:

.t
o1, b . 3
e ozt oty

r e

) . (p-33)

This relation is probably moat lwportant when At {s small, (say, less than

% days), In such cases, onc might investigate under what conditions T/aAt

e s PR N5 WS AW

would be greater than 1, To do this set fd cqual to .65, Then, if
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£ T £ \
~£ w2, =~ = .75, and similerly, if -£ = 5, L. 21,65 In this wanner
2%y A - AL AL
*

t )
it is easy to determine the range of Z% i1f a minimwmn value of %E is

specifiad,

The above is presented as a brief treatment of several factora of
general intereat when asseseing the applicability of countermeasures used
to speed recovary, In order to arrive at specific conclusions, rathex
than hroad, general ones, it 18 nacessary to study specific examples of
various countermeasures applied to particular situvations, It is for this

type of study or operations planning that the curves in the preceding

scctlons are presented,
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Appendix E
Studjes of Decontamination Effectiveness

1. INTRODUCTION

A, Objectivag

-t

As a radiological countermeasure, decontamination can be employed. to
achieve one or more different operational objectives, For example, it
may be used to accelerate the re~entry and recovery of a contaminated
building or building complex, It may be used to reduce the radiation
hazard associated with a continuing operation such as a powar station or
conmunication link, It may be used to reduce the rvatiation dose associated
with a change in operations, such as 42 week sheltex wmergence, In each
of these applications and others that may arise, decontamination achieves
the objective by removing fallovt material and thus reducing the radia;ion
intensity in the neighboring spaca, The degree to which a particular
opararional objective 18 achieved, depends on the effectiveness with which
decontamination reduces the intensity, ‘Thia in turn depends on the amcunt
of fallout material removed from apecific contaminated planes as a result
of decontaminating those planes, and on the importance of each plane as a
contributor to the intensity at the point where the intensity reduction is
measured or desired,

This report examines the reduction in intensity that is achieved in a
varicty of circumatances as a function of the manner in which planes are
decontaminated and of the lmportance of each plane to tha intensity at the

datecﬁor location, In particulaxr, the analyses are formulated to accomplish

- E-1 -
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the following primary objectives:

1. Determine the intensity Teductions that can be aviriwved by

decontamination methods applied to practical-aituattonl involving
real physical structurae

2, Determine the intemnaity reductiona that can be achisved wh.n the
detector is located inaide a structure and when the detestor 43
located outside the structurs,

3. ﬁetermine.the decontamination costs (equipment, water axpandad,
radiation dose received by the decontamination craws) in avhieving
the intensity reductions,

4, Determine the sensitivity of the achieved intensity veduttiom to
the cleanlng efficiency of the decontamination operation (and,
therefore, to the type of decontamination method),

5. Determine the relative 1mpo¥tance of the various surfeacas {(i1oofd,
paved roads, parking lots, etc.) that can be decontaminratad to
the intensity reduction that can be achiaved,

To accomplish the above objectives, ten aituvations were analywud,

Each analysis forms the basis of one of the sections of Chapter IXI, Miue
analyses, Chapter II, Sectiona B through J, investigate the effact on che
intensity reduction; inside and outside existing NFSS sholters, of de:ontami-
nating the various accessible contaminated areas on and around the siw:lter
structure, These analyses are summarized in Table E-IV in Chaptar I7 f

this appendix, The tenth analysis, Chapter II, Section K, is & param tric
study that investigates the effects of certain structuzxal parameters ({loor

and wall weights, apertures, story of the detector, ate,) on the inter;ity

- E-2 =

- wER @ NEP D




oo ohESe SNE R

.

———

st t

A wmew

- . ce e L s l0E ITTTUUREAREAISRReR g'ﬁwmmzi?nm

reduction resulting from dacontaminating a variety of contigucus contaminated
planes, Chapter II, Section L is a parametric study that invastigatee the
width and length effects on outside intensity reductions as a result of
decontaminating various street segments in an urban area,

All analyses are formulated so that the effact of decontaminating
selected subsets of the accessible areas (roofs, streat segments, parking
lots, etc,) with any level of decontamination effort may be determined
quickly and easily. Although the analyscs assume a unifomm distribution
of fallout material, a method by which the results can be modified (or
intorpreted) for the situation involving non-uniform distribution, is also
presented (Chapter I, Section F),

B,  Decontaminptiou Data

Decontamination efforts are applied to relevant contaminated surxfaces
and the {allout material removed 18 estimated using the information developed
at VSNRDL (References E-l, E-2, E~4, and E~5) and Curtiss-Wright (Reference
B-6). The decontamination effort is measured in terms of the revources
required to decontaminate, to a given level, a specified area (mquare fest)
of a specified matexial {(asphalt, concrete, tar paper, ground, ete,), The
voaowrcss employed ave apecified by deacribing:

1, The type of equipment used (street flushers, firehoses, etc,);

2. The number of workioy peracnnel required;

3. The resources expended (galions of water, fwal); and,

4, The timz reguired for the decontamination activity,

This speciflcation 15 restricted #o the actual decontaminating activity

~.

and hence does nop {achwls such items mw:

. HeY -

?
|
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1. The time required ta transport people and equipment to and

from the site;
2. Resources required for the above transportation;

3.  Requisite coordinating command and control activities such ma

tadlological monitoring; and,

4.  When appropriste, additionsl resources required to transport

the collected fallout material away from the decontaminated site.

In general, when decontaminating a specified structure, thraee typss of
surfaces are invostigated. Tirst, the roof of the structure itsalf is
decontaminated using firehose teams. This effort normally requires a seven-
man team working .1 to .4 hours per thousand square feet to remove 90 to 38
per cent of the fallout materiel deposited on the roof (Reference E-63,
Bacond, the paved ground surfaces (roads, parking lots. and playgrounds)
ad jacent o the atructure are decon;uminated. In thio cese various methods
including firehose toams, streat flughers, mechanical sweepers, and vacuum
sweepers are employed. When squipment other than firchosee im umed, it
noxmally requires a one-man team working .0OL to .04 hours per chousand square
feet to remove 90 to 98 per cent of the fallout msterial deposited on the
surface (Reference E-6). When firehoses are used to clean the paved areas,
it normally requires a {ive-man teem working .04 to .2 houras per thouszand
square feet to remove about 9% per cent of the fallout material deposited on
the surface (Reference E-6). Third, when appropriate, the roofs of adjacent
buildings are decontsminated using alx- or savon-man Firehose teams. For
each surface in each study, the methods employed, times required, and

fraction of the fallcour material removed sre specified.
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G. Structures Analyzed

As stared earlier, one purpose of this facet of research is to apply

decontaminaiion efforts and etficiencies to r=al physical structures amd -

to estimate the intensity reductions that can be accomplished in practical
situations., To accoaplieh this, nine structures were selected from a
previous study of NFS8S buildings where building protaction factors (F?f"itﬁ’

computed (Reference E-3) using the Engineering Manual {Reference .E.7).

In addition to the nine real structures, a tenth hypothetical structure
18 included to examine the effect on the intenaity reduction of certain

factors such as:
1, The inclusion of interior partitions;
2. The floor on which the detector is locataed;
3. The percentage of apertures; and
4, The mass thickness (psf) of the exteilor walla,

In this parametric study, und also in Chapter II{}Sectionl B, G, and H, the
intensity reduction ie studied first with the datiactor located inside the
structure, and second with tha detector located cutside the stiucturs. - .When
the detector is located at ground level outside the structurs, it is
interesting to rnote £hat no intenslty contribution is received from contami-
nated roofs of the surrounding structures. This characteristic (from
Reference E-7) is not expaected to be valid when the surrounding structures

have lew PF's (such as might be encountered in analyzing a shopping center),

D. Intengity Reduction Caleunlazion

The determination of intenafty reduction byought about by decontamination

efforts Luvolves the use of several terms (or definitions) whose meaning should

- E-5 -
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be clarified bafore entering into the individual anelysas.

will be developed and explained using a simpie example whore layout i# - - ,t‘iﬁq
presented in Figure E-1. The structure of interest ovcupies cna-half of |
a city block and has paved surfaces (roads and parking lots) on‘ali.lcut::,

sides. As in the actual analyases, detailed dimensions will not be included

on the map. 1Two detector locations will be considered: Number 1 location la
inside the structure, and Number 2 location is outside the structure in the

center of an adjacent street. The effect of decontaminating three surfaces -

a roof, a parking lot, and a street segment (numbexs 1, 2,

on the intenaity at the two detector locations will be determined.

The firat factor to consider in an analysis is the extent to which 2
contaminated surface is cleaned. When decontamination resources are applied
to a specified srcz, the cffect of the effort ia measured by the achievad
reduction in residual mass level of fallout matarfal. This effect is specifined

by the fraction of the fallout material deposited on the area that remains on

tha aree after the decontaminatlion operation is completed.

decontaminated will have an associated fraction. The Lth fraction, asgociated

with the lth area, is called the mass reduction factor, E» of the 1" area.

It 18 defined as follows:

where m, = mass deposited on the ith ares, and mia = maszg vemeining on the

th

to be uniformly distributed over tha surface of interest.

Ny

- Lef -

i area after the area has been decontaminated, Both m, and mja ara assvined
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If no material is removed during che decontamination operation, then

Ei- 1. If all of the fallout matevial is removed in the process, timn Ete g.

in general, E, 1s a function of the ievel of decontamination effort applied

+h
to the 1™ area; it will be less timn one and gisatas then =a¢e, In

I
i
-

Figure E~1, there are three aress to be decontaminated, and, therefoka, v‘
there are three masas reduction factore to be considered. 1f 85 per cent of
the fallout material is removed from the roof, surface 1, thmm Byw 15, 1f
95 per cent of the fallout material is removed from the strest segment, then

Ey= .05. If 90 per cent of the fallour material is removed from the parking ' =
lot, then E,» .10, Numerical values of these factors are found in curves

that relate the mase removed to the effort evpended., Examples of such

curves, taken from Reference E-6, are presented in Figure E-2.

Removing a portion of the fallout material dapoaited on tha tth area

will decrease the radiation intensity in and around the structura. The

magnitude of the resultant decrease will depand on both the locatidn af the
point where the intensity is measured and on the type and looatiom qus:ruccureo
in the locality. Therefore, in Figure E-1, the effact of EZ" .1 on the
intensity at detector locstion oune will be different from the etfact of By~ 1

on the intensity at detector location two.

In addition to depending on the detector locations, the fraction by whieh

the 1ntensity* decreases will depend on the intensity contribution from

E: oo WM SN N MN O O G BN GD NP U =

fallout material remaining on the other contaminuted areas. To determine the

composite effect of E1 on the intensity at datector location j, it is necsssary

———va
L ]

to calculate or measure the point intensity at locatiown ), Ij’ and the portion

[,

[,

of the point intensity that is due to the contamination on the ith area, !1 %
?

“All intensities are assumed corrected to eliminate the effoct of decay.
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When the distribution of fallout material in neighboring sﬁch is iﬁig:l;ﬂud,f )

these intensities, Ij and I, 32 cen ba caloulated uslng the TEERGIS prowwed — TR
» . - -

in the OCD Engincering Manual (Reference E~E). Becsiise: =~

1. all contaminated areas contribute Lndepsnlaitly ro-Ehe - i~ -
n P
intensity at location J§ (that ias, Ij - 151 1’. j inw

number of contributing contaminated areas); and

h

2, the intensity due to the 1% area 12 direotly proportional to

ith

the fallout 'm:eritl on the ares,

the intensity at location § after only thes kth ares is decontaninated,

k

Ij’ is
k- - - -
Ij ‘[j 1 'k)Ik,j_ . ,(EZ)

th

Obvionmly, 1f all fallout material is removed from the k= area (the

k

Ik

3ot

"L,y

, &0

In this ideal situation, the fractional raducticn that has occcurred

is called f: D the ideal intensity reduction fastor of the kch contaminataed

area relative to the jth detector location, and is defined as follows:

. I, - I, L
£ S WL 7% R R % R (E~&4)
k, 3 1 1
] 3
for gach contaminared arvea snd detector location, this factor £ mxy be

k, }
caleulated uniug the methods cutlined in the OCD Engineering Manual (Reference E-6),

The factor represents the fractional reductlon in intensity that can be

achieved at detectar lozatton 5 by perfectly decontaminating only the kth 1

- E-10 -
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contaminated surface (Ev = 0). In the studics presentad in Chapter II,
these factors were calculated using & computar progrln.iavnlopidrat RTI
for calc“!kting the protesriom Tactors of falicuet sholtsss. Ia Pigure B-1,

these factors have beaen assigned the following reptennnta:iilyygluo.:

at detector location 1

*
surisce 1 fl,l = .70 N

%
surface 2 f2,1 = .88

*
aurface 3 53'1 = 75 e e e

at detector location 2 o
*

surface 1 £ = 1.0

surface 2 £ = 092

surfaca 3 £3’2 w13

Let the intensity at datector location one be L and the intensicy atc
detector location two be I,. Thua, If surface 3, the stirest gegment, 1s

perfectly decontaminated (E3 = 0), then the new intensity at detector ona,

2, 10
1 K] B
L= t3,1 iy~ .75 I1 N {E-5)
and the neﬁ intensity at detector location two, Ig, ie
3 * . .
I2 = fj.2 12 = 13 12 . (E-6)

That Ls, by rvemoving all fallout material from surface 3 (and only
surface 3), the intensity at detector location ome (two) is reduced to

75 per cent (13 per ceni) of Lte forwer value. In contrast, {f all fallout

material 1a rewoved from surface 1 (and only from surface 1), then the

intensity at detector location one i3 veduced to 70% of its former value

L3

while the intensicy at detector location two is nni affected (f1 2

= 1.0).

- E-11 -
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*
The ideal intensity reduction factors, fi 38 form the ccre of the
.
intensity redusticn snalyses, At rho baginning of each analysis, they ave

determined for each surface of interest relative to each detector point of
¥*

i,]
E,, the intensity reduction at any detector location can be determined for

interest. In terms of these (the £, .'s) and the mass reduction fectors,

any combination of decontaminated surfaces. To develop the apprcpriste

expression for thias, first consider the intenesity reduction achieved at

detector location j when surface k (and only suxface k )} is decontaminated

with Ek # 0. In this realistic situation, the fractiocnal reduction that bhas

oceurred is called £

k, ¥’

area relative to the il detector location, and 1s defined, using Equation E-2,

as follows:

I, - (L.E) I
£, om e k

LI%
K, T . (E-7)

&
Thlis factor Is morxe convenlently expressed in terms of Ek and fk 3 a8
’

follows:

* *
£ = f + (l«fk’

k™ B > B ®-2)

A
In Figure E-1, a8 before, let the intenalty at detectoxr location ome
be 1., and the intensity at detector location two be L. In addition,
nagume that 957 of the fallout material deposited on surface 3 i removed,
That is, let &, = .05, As a result of thia operation, the new intensity ac

3

3
detector one, l;, is

x (7625 1 , (E-9)

- E~12 -
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n-1 ]
F,. =1-¢f =1-(n-L - & ¢
l'\,j . ( i-l l’J)
in o
=1l-m+ & f1 3 > {E~14)
iw] ’

where fn represents the contribution from the surfaces not

»]

decontaminated.

Returning to the example in Figure E-1, consider the bast
intensity reductions that can be achieved at each detector location

wvhen the three aurfaces are perfectly decontaminated,

At detector location 1,

3
* *
F,. =~ L fi,l +1-3

= 70 + 88 + ,75 - 2
K . (E~15)

w82 4 L1 - 2

= (5 . (¥-16)

That is, if the intensities hafore any dacontamination is performed ave

1} and 1., and L€ surfaces 1, 2, and 3 ars perfectly decontaminated, then

the ivtensities after the decontamination is performad are .33 I1 and

.05 j?, ragpectively.
I the realdieric gltuation, wvhore the mass reduction factors arve

eal Lt L LN

not cgual o zero, it .5 & simple pyotesr o show that the combirad %ﬂﬂ?ﬂﬁiﬁx

- B.14 -
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reduction facrtor, Fj, may be obtained from Equailon E-14 by merely

* <
substituting fi i in place of £ , and F_ in place of Fj' That is,
.l

i, j
m
F.= § £ +l-m , (E-17)
3 im] 1)1
here ceviousl 4, £, 1 1to £ .+ (1-fF ) E
where, as previously stated, f, , is equal to f, | £, By

Equation E-17 18 the expression that gives the fractional reduction

in intensity that results when several surfacer are decontaminated.

To see how closely the ideal situation is approached when practical
decontamination methods are employed in Figare E-1, let El = 15, E2 = 10,

and E1 = .05, Using Equation E-8, the intensity reduction factors are:

At detector location one,

£ ® L7004 .30 x W15 = 75

1,1
£, = B8+ .12 x .10 = 892
£y, % .75+ .25 & .05 = 7625 . (E-18)

Tharaefare

Fl = .75 + .B92 + ,7625 - 2

L4045 . (E-19)
*
out nf{ a possible F1 = .33 as determined In Equation E-15.

At detector lecatien two,

{1,2 = 1.0
£€.00.0m 42 4+ 08 » ) = 928
2,2
[y, 13+ .87 x .05 = 1735 . (E~-20)

:5
s

e it R 2P D e Fln SRS Sl L LT e L A B INRTER SRR W) 5 5y

Ll ALARE A s .



Therefore
FZ a 1735 + ,928 - 1
- .1015 . (E-21)

¥
out of a possible F2 = ,05 as determined in Equation E-16.
On the other hand, if only the ground level surfaces (2 and 3)

vere decontaminated with E2 = .10 and E3 = .05, the following results

would be ontained:
Ar detoctor lovation one,
£ = .88 + .12 x .10 = 892

f = 75+ .25 x 03 = ,7625 . (E-22)

Therefore

F, = .7625 + .892 ~ 1
= L6545 . (£-23)

Av detector location twa,

£ w42 4+ OR x 1 = 928

2,2 -
f1 2 a {34+ .87 x .05 = 1735 . (E-24)
Therefore
Fo, = .,1735 + ,928 - 1
= 1015 . (E-25)

In the above caleulations, the factors that are necessary are

*
(1) the I 's and (2) the Ei's. The B,'s are obtalned from curves,
]

Al i

¥
and the fi j's are calculated with the techulgques used to ealeulate
3

the protection factor of the structure itself (Refereuce E£-7). The

- E-16 -~
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combining of these two sets of facters is the primary portion of the

analyses presented in Chapter II, Sections B through J.

E. Practical Considerations

In this final section, three topics are discussed: (1) on-site

*

postattack measurement of fi j; (2) sensitivity of fi j and F1 to the
b 3

value of the mass reduction factor E:_1 and appropriate eimplified expressions
for FJ; and (3) analysis adjustments to account for weathering in calcula-

tions of F . BEach topic will be discussed using the example presented in

i
Figure E-1 and the definitions presented in Section D of this chapter.

Maing the methods presented in Ruference E-7, the uCDh Engineering

* *
Manual, the pertinent ideal intensity reduction factors, f and FJ’ can

1,
be determined for a swecific buliding just as the protection factor itgelf

can be calculated. 1In the postattack environment, however, these factors

- -

vill he unknown , and one must conduct an on-slte measurement of tha

*
factors fi ) in order to decontaminate in the 08t effective manner. An
3

dditional reason for this measurement ls that expected weathering will

[+

cause a rvedistribution of fallout material. As a result of this redistri-
bution, the wvalues of the f:,j factors (and, incidentally, the protvection
factor iteelf) will change, and therefore the afifzct of decontaminating
specified areas with respect to specifizd detector locations will change,
What previously were important areas to decontaminate may become unimportant
(and, also, the reverse). Therefore, it would be desirable to cueck values
of the f:,,'s by measurement prior to commeicing decontamination operations.

(%

At on-site estimate of important f; factors can be made with

o1

appropriate directional derectors. This can be seen from the equation for

- E-17 -
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.1 >E, > .,01), These two errors - using E = .06 rather then E, = .1 or

i

*
Ei = 01 - are dispiayed &5 a function of 7y in Figure E-4%, Dased on

o

Figures E-3 and E~4, it is evident that the actual values of Ei are not
*
very significant in determining Fj when FJ is greater than .2, Therefore,
*
when Fj ig greater than .2, the approximation
* *
F F,+ (1 «F .06
g XFypr - Fp
w*
= 94 FJ + .06 (E-27)

is useful for quickly estimating F1. This approximation ia appropriate

in situationse whexre the detector is located inside the building. In

that situation, there are several contributing planes - ground and roof -
of contaminatim, Fach plane will have an appropriate mass raduction
factor, Ei’ that is less than,.l, and, for most cases (from Figure E-2),
greater than .01, 1If Et was asgumed equal to .06 for all planes, then the
maximum exror in the calculated Fj would arise in the equally unlikely

sltuation where all E{'l wvere actually .1 (or .01). In actual situstions

where all Ei'l wvera assumed equal to .06, the actual value of E, would lie

i
between .01 and .1, on both sides of .06, and the errnrs that result from
setting Ei = ,06 would tend to cancel out, resulting in &n exrror much less

than the wmaximum errors shown in Figure E-4.

In contrast to the above situation, when the detector is located
externally, there are very few contributing planes - ground-level surfaces

only (Reference E-7) - of contaminatioun. In particular, the plane abova
*

! i
of that plane, In addition, this fi

which the detector is located is acv significant & contributor that F, can

*
often be amsumed equal to the fi

s »J

i I

g )

™=

TR WA REN Y TN S AR W T e e e o

e oy < bl A e il e S G

(f




s P S ————er L L U T R

102~

(=]
P
'

o
9 I011g IUI) 13d

*#F’“
-

E-21 -

[

N
(=)
~—

+

Y SR § , RAE -
1(d-D+ 4 ” , ,

(90" - D (a-D 3 :

; 00T

™ 0%+

. . -

ST I oy oe e

-3 ZYAD1E

: ] 0+

EEN
u

|14 13-
|

. ' - P N Ve reawirt
- v . Be— ] . [N J—— . J— [ U [ - .



1“»&&

%
-
|
3
&
tends to be less than .2, and, in many csses, lesa than .03. VYor e
* 3
such circumstances, it is convenient to set £, equal to £, + B, g
1,]) -33 =
* * * 3
v - - . . d E, ia
rather than fi,j + (1 fi,j) Ei When fi,j is leas than .1, an ¢

less than .1, the error that results from using this approximation,

*
Ei j - fi 1 + E1 is always less than 5,3% as shown in Figure E-5.

F. Non-Uniform Distributions

When it is desired to predict the effects of weathering or

redistribution of fallout material, the preceding discussions are

applicable if the value of f: j is properly modified. The adjustment
L

*
of fi j is developed from the basic equation for the intensity at
]

detector locatiom §

»

Ij = f Ii,j , (E-28)

If the fallout materlal is vhifted about, the intensity at J becomes

" Ly

L.j 1] (E' 29)

where ki is the fractional increase or decrease in material

deposited on the 1th plane. This expression can alao be written as

e e SN ISR B

SRS { Ty . (E-30)

[N PN

vhere kJ is the fractional increase or decrease in intensity at

ar

location §j due to the redistribution. From Equation E-4,

B st
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*
the appropriate fi

ox

>3

*
af{ter veathering has occurred, £,

*

i
s J

I 0

i, Tk, 1 ’
! 1T Mg

£ . 4 a-£)

{:j ) kj ilj )

Naturally, if the weatrhering does not change the intensity at

location }§ (kj = 1), then the ideal intensity reduction factora

become
11.
A, Introduction
1. Contents

This chapter presents the results of the application of

decontamination efforts to some real and hypothetical eituations.

%
re F

2

INDIVIDUAL DECONTAMINATION STUDLIES

becomes

(E-31)

(E-32)

(E~-33)

The first nine studies, Secticms B through J, primaxily investigate

the effect on the intensity reduction inside of nine NFSS sheltevrs

ag a rvesult of decontaminating accessible contaminatéd areas in and

around these structures. The structures are as follows:
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Section

Section

Section

Section

Section

Section

Saction

Section

Section

i

)

Six-S5tory Apavtment Building
81 Wast 18Ind 3treet

Broux, New Yoyrk City

New York

Six-Story Apartment Building
362 West 52nd Street
Manhattan, New York City

New York

Twency-one-Stovy Office Building
310 Park Avenue

Manhattan, New York City

New York

General Dyestuff Corporation Building
435 Hudson Street

Manhattan, New York City

New York

High School Gymaaium
RBennett Streat
Joston, Massachusetts

Simends Press Bullding
37-49 South Avenue
Rochaster, New York

Department of the Interior Building
18th and € Streeta, N, W,
Wanhington, D, C.

Three-Story Department Store Building
619 Main Street
Houston, Texas

Wall Telephone Building
1010 Pine Street
St, Louis, Missourl

These buildings were selecred from a group of NFSS bulldiangs for which data

necessary for the various caleculations weve veadily avallable.

For each structure, the intensity veduction ias determined for esch

accessiblie area fondividuslly, and for all areas conbiued, for wartous levels

ol selected decontamination methods, In addition, these uwindivs show:

,,,
1

v

U
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decontamination man-houts for each Intenslty reduction; the
gensitivity of the achleved reduction to the cleaning efficliency

of the decontamination operation; and the relative importance of
decontamluating varlous accessible areas, The costs in water and
fucl can be calculated for each case study by using the expenditure

rates i Tables E-1 and E-I1.
In addition to the above stractures, a tenth structure,

Section K Five-Story Parametric Study Building
Fleticious Location

im ducTuded to examine, in a contyolled parametric manner, the affsct
on radfation intensity roeduction of soveral styucural features

fmporcant in radfatiou shielding.

Section L 15 a parametrilc study of the affacts on outside incensity
reductions of decontaminating strect negmentr of variouve lengkhs and

widths .

Also included in three of the ulne studies ave data tor decector

locatione ontalide of the structures,

2. Presentation of the Data

The detatled vesults of Jecontamination studies for each of the
nine resl strudlures are preseated in Sections B through J. For each

sivuctnea, the follmeing analysiz matexinl is prasented:
(a} Building addresz, devector location {n the atructure,
and the protection fsctor {sac Section 20-2¢ fov sach

structure, paragraphs B through K beloew);
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(c)

(d)

(e)

Description of the relevant decontamination areas,
including identification (e.g., 1. roof, 2. parking
lot), surface material (e.g., tar and gravel), and

area in square feet (see Section Zd for each gtructure);

Ideal intensity reduction factor (f:,j) aspociated with

each decontamlnation area. These values indicate the

relative importance of each area to the Intensity reduction
that can be achieved for the structure. In addition, the ideal
combined intensity reduction factor, Ft, is given. This value
is the best possible intensirty reduction factor that can be
achieved for the particular structure by perfeactly decontami-

nating all selected areas (see Section 2¢ for each structuvre);

Man-hours, and effectivenass data for each iudividual area,
Effectiveness data are expressed in terms of the practical
intensity reductlion factor which can be nzhieved am a result
of applylng varicus levels cof decontamination effort for
selected methoda of decontamination. Corresponding decontami-
nation costs in vater and fuel may he derived from Tables

E-T and F-11, extracted from a draft of a Federal Civil

Defense Guide (Reference -8}

Combined pract:ical jutenslty reduction factors, Fi’ resulting
from decontaminating one or mere of the gelected avowns
associated with the structure (see Saektion 2y for cach

structure);
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(f) A discussion of unuaual factors or items ancountered

ne i

in the analysis, whan appropriate (Seétiun i for each

structure);

(g) A map showing the location of the building, the locatiom

of the areas to be decontaminated, and the location qf the

detector (Section 3 for each structurs); and

(h) Photographs, when available, showing the building, its

surroundings, and the areas to he decontaminated (Section

4 for each structure),

For certain selected structures (Sections B, G, and H), an
outside detector as well as an inside detector was copsidered. i‘or

these studiea, the following additional {nformation is lacluded:
(a) The location of the outside dotector;

(b) The original PF at the site of the detector; and

(c) Some ideal intenaity reduction factors (£: i
1

ansoclated with the outaide detector and the contributing

vnluen)r

R W e e W e

planes of contamination,

3, Manner of Analysis

a., Effectivencss

Specifically, a particular avea (contsminated plans) is
gelacted, and a decontomination mothod (u.g., street sweeper)
applied at cne or more levels of effort to achieve one or wore

mags reduction factors, B for the area. The relations between

4

Wed W MER WAm
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effort and mass reduction factors arm given in Taebles -1 and.

E-11, extracted from Refersnce K-8,

The practical intensity reduction factor achieved in
applying a particular Ei te the area is computed by use of

. ;
Equation -8 and the ideal intenaity factor, Ei J,,of tha area.
]

For combined strategies (more than one area decontaminated),
the reduction factors are computed by combining the intansity
reduction factors for the varicus individual arsas in the manuer
indicated by Equation E-26. Each combination of Et and 7
decontamination mathod is identified by a strategy idembificarion
saymbol (n.g., FIGl~1l, fire hose on tar and gravel roof with -

Et = ,01). Thesaes may be interpretod by refereunie to Tublas K1
and E-IT. Results of these calculations are summeriged in

Table E~IV (see page E=35).

These etrategies were galected to provide an indication of
the sensltivity of the practiocal inrensity reduction fsctor to
the Ey {and thus the associated affort) for the given area uﬁa
decontanination mathod. Further, the combined atratagies portray
the range of practical intensity reductions obtainable for neal
structures by decontamination, along with their costs. 1In
addition, they illustrate the sensitivity of Intensity ceduction
in the atructura to the manner in which effort is mlilocated among

the various arese.

b, GCosts

Cost data for single and combined strategies are given in
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terms of total man-hours of cffort, water and fuel usage, and

crew done.* Man-hour costs are caiculated by r.ldting'thc unit

effort {(Tables E-1 and B-1I) to the siss of rthe arsas (definad
Bection 2d for each structure) for sach aimgle strategy (listed ..

in Section 2f for each structure) and summing for ali decodtmmls
neted aveas. Other kinda of costs (e.g., gatlons of whﬁig)déiﬁ~
be computed by similar use of the data in Sections 2d and 2f for
_ each structure, and Tablea E-I and £-11. Should the roader uahﬁ
to make similar calculationa of thnlpet cent of fallout rgynvad
by dacontamination, he {a remindsd that the initial mass ioading

of fallout waterial affacts the par cent of fallout tig§§§§;tggjq¥;'

specified affort. Wurther cnnaidﬁrltiauprnnq'ﬁxynwiwqﬁéiiétiiu

are containad in Reference E-4,

4, Sumnary of Results from Decontamination snudigu>

a. The Nine Real Structurams

(1) General o
The purpovs of this section is to summarixe the dakiil&d'

analysis data asaociated with the ﬂin. raal ltruetu;c\btuﬂlil.

presented in Seations B through J. In inc.rpt-cin;:;hGUQ

results, it should ba noted that sinco thamse atruckures ware

selected from actual NFSS data, théy may not be representative

of those buildings which L& wonld be desivable to decontaminate

in the postattack period. Further, inferences drawn from

*

For each of the nine structures, a gample calculation of crew dose for
each strategy is given corrmsponding teo sn initial reference intensity of
10,000 v/hr and a decontamination time of H+2 weeks, Since an initial
intensity of 10,000 r/hr will approximately decay to an intenaity of 10 x/hr
in two waeks, these crew doses were calculated daimpiy by nultlolying the team
hours of effort by 10,

~ E-32
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these individual atructures may not be applicable to

larger complexes of buildings or imolatad b@ii@i@js hot ,TV

surrounded by other structures, - - ' ;if.

d a2 6 Bt {RL

2) a etio

i

Table E-IIT summarizes the combined ideal reductiom::
factors (Ft'a) computed for wach of the ntne-strQéguff;;;;_>
and provides an indication of the increased protection |
brought about by perfectly decontaminating the lnncNiLﬁli
areas. For seven of the nine structures, the inteanaity
which can be removed ranges from 86 to 99.9% this {a :
equivalant to increasing the protection by flccéf; :nnsiﬂii"j_¢jf'
from 7 to 1000. For the other two struatutes, 68 per dqﬁt
and 79 per cent can da removed, This cqffilnﬁﬁdl’ﬁdgin*ﬂ‘4¥~~~~;--

inerease in protection by factors of 3,1 and 4.8,

(3) Reduction Factors Achisvable in Practice

Although practical values of fntensity reduction factoxs

*
approaching thoase Fl'

8 given in Teble E-III could be achieved,
it may not be demirabla to expend the effort nacessary to
achieve "perfoct" decontamination, fThe data in Table E-1V
provide an indication of practical combinqd intensity reduction
feetore, Fy, that could te achifeved for thess structures foy
salected decontamination strategies. For eusch mtructure,

the Fl‘s and thelr corresponding costs in man-hours of effort

arve glven for threoe sats of selected strategles, These

- E=-33 .
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TABLE E-1I1
Combined Ideal Intensity Reduction Factors for Nine Selected Structuxes
F* ﬁqtuuﬁm Incx'und
Structure Normal FF —t ol 8 Fagtor of
B w5 135 R |
c. 73 1143 7.0
D 276 044 22.7
B 126 001 1x10°
P 116 017 58,2
G W 007 143 x 108
H 1090 210 “e
1 ' 26 001 1x100
J 127 322 3.1
- E-34 -
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strategles are formed by the cleaning of one or more of
the accessible decontaminztion aress, The individual
strategies which make up each combined strategy axms
identified by a symbol in Tables B-I and E-iI and in the

detailad resulta in Sections B through J.

(4) Effect of Iavel of Decontapipation Efforg

The first two sets of combined strategies are idantical
except that a smuller El (move fallowt La vemoved) im
applied to each arua for the firat set of atrategles than
for the second, For the mecond set of atrategies (lesaer
decontamination), it cdan be scen that from 61 petrunnt te
92 per cent of che intongicy could be removad from thesa
structures at a cost varying from 0,4 to 8.7 man-houxs., For
seven of the nine artructures (excluding X and J) from 74 per
cent to 92 per cunt can he removed at & cost from Q.4 to 2.6
man-hours, Far the tirst seat of strutegies, from 63 per cent
to 98 per cent of the intensity ¢an be remowed with counta
ranging from 1.5 co 33,4 man-hours. In seven nf nine canes,
from 78 per cent to 98 per cent can be removed at a cost
varying from 1.5 to 12.1 man~hours. The maximum amount of
time any crew membexr Spendd decontaminating for either the
first zet or second of combined strategies is 6,7 hours
(Building H). It should be noted that firehose tesawms consist
of more than one man and that team-hours of work will be less

than man-hours.
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It can be seen by comparing the second set of
strategies to the first set for each structure that,
in general, the cost increases consjderably sna one

* Al
1 1 For example, for

structure G, 75 per cent of the intensity can be removar

attempts to decrease F, toward F

for a cost of 2,4 man-hours; however, to renove 54 per cent
(i.e,, 9 per cent more) would require 11,7 man-hours. Thus,
by applying more effort to achieve a lower Ei' the protection
Ls increased from a factor of 4 to a frcror of 6,25--or

the protection is rvaised by an additional 56 pexr cont by
applying more offoert. On the other hand, the cost is
{ncrensed by an additional 388 per cent in urder o achieve

this protection,

(5) Allocation of Decontamination Effort

The importance of properly allocating decontaminat oo
nflavt among the various accesaible contaminated aress can
boe inferred by comparing the third set of combined strateglas
with ti:r second wel, The third aet of stratesies 18 the use

of & single decontamination method on the single area that

contrihutes the most intensity to the detector, The decontami-

nation method used on the area is the same as that wsed in
the second szet of combined strategles, The method is,

however, applied more extensively (f.e., Ei i8 smailer) in
the third set than 1t is in the second, In the #econd set,

a snaller efforr is applied Lo this area, but cffort {s

-~ E-39 ~
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applied to other areas as well. It can bhe seen by
comparing the thixd set of combined strategies with the
second set in Table E-IV that, in general, considerably
more of the intensity will be removed for theme buildings
with much less cost if the effort is allocated over more
than one accessible area (as in Set 2), rather than applying
extensive effort %o one area (8et 3). For example, for
Structure D, 4,88 man-hours with a street sweeper are
applied cxtensively to just the primary roadn and sidevalks
(Ser 1): 54 per cent of the intensity will he removed,
However, if 1,64 man-hours with a street sweepey are applied
less extenaively to the same area and to other accesviblae
aveas (other roads and sidowalks), 81 per cent of the

intenslty will be removed,

(6) FEffect ot Becontaminatinn on Gubtilde Detectors

*
Fur wutside deteetors, usnsiderably lowar ¥ valunes
wvere calculaced. Table E-V summarices the partinent dara

calewlated for the three outside detector lucations.

- E-40 -
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Summary of OQutside Detector Apalysis Data

TABLE E-V

Analysis Detector |Original PF § Ideal Intensity Idea) Combined

Structure (Location [at Site of Reduction Factor Intensivy
Detector Asgociated with Reductiun*

the Detactor Factor (F)
Surface

6-Floor Center of

Apartment |Flayground

Building (R) 1.392 .056 019

Simonda Ceater of

Prews Street

ui 1d Lng () 1.40 .029 ,001

Departmenk | Cantor of

of the Interior

Interior Court

Bul tding (H) 1.61 0 0

Az ia seen from thls table, the wust significant contrihuting

plane of contamination is the surfacwe anove which the detector

is located,

By decontaminatbing that surface alone, the

intengity can be raduced by a factor of 20 or more.

(1) lngroduction

Several parvametric studies were undertaken to provide

inferences regarxding the vrelaticnship between intensity

reduction (due to decontamination) and several favtors

assoclated with the contaminsted planes and the shieidiung

* *
Thiag is the f,

9% |

factor (perfect decontemination) amsociated with cutaide

detector location j and the auvfasce above which the detector (s Iocated
(designates as surface i).

i~
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afforded the detector, Both inside and outside detector

R i

locat:ions were considered.

(2) JIndopy Logations

For the studiem of intensity reduction indoors, a

ten-story structure was hypothesized and a detector placed
on each of the first five stories. In these cases, there
was no roof contribution to thase detactors, One of the
basic purpores oL this study wag to detarmine which phyatical
factors ware must iafluential in determining the relative
importance of the contributing planes of contamination,

As might be expected, the distance between the detector

and the contaminated plane weighs .uost heavily for the
detectors pogsitioned on the firat awd second fleors, TFor
tho lugher [loaxs, thic faccor was less imporkant, inassuch
as the floorz thomselves provided some shielding from the
nearer contaminated plunes. This is seen moast easily by

*
obnerving (from section X helow) that the f valuen for

i,
i = 7 and 8 (represeating the two nesrest plances) iunerease
fairly consistently ae one sscends from flonr to flocrx,
This is the case 1u all four tables (Tablen E-VIIT throngh
E-XI of Section K},

*
One fmportant fact should be noted: The {i j represent
»

* *
only the fyaction of intenaity remaiping, so that fi 3 > Ei 3
B § 2

does not fmply that there is a higher intunsity at detector

jl on floor 1 than at j? on ficor 2, 1The detector at 32 nay

TR MR WG MmF S S TR MR S S We e
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have had a much higher intensity reading than the detector
at jl’ before plane 1 was decontaminated. Thus, the
intensity after decontamination may atill be higher at the
detector at jz even though the fraction of intensity
remaining is less,
(3) do ocafions

The parametric studies involving unsahielded detoctora
placed on streets lined by buildings (Section b helow) led
to one rathex interesting conclusion: The intengsity
measured in the center of 2 stveet will nor change appreciably
aos (say) an unshiuclded person pusses Chrough interaections
ny pasaes by otloe ground-lovel planes of contaminatiun
(parking lots, playgrownds, parks, ote.). Considering only
voads, 40 feet wide and 60 feel wide, the calculated protection
tactors were always between 1,47 and 1,72, {OJva Tables E~XII
through E-XV). Thla weans thel the postatisck plavmey can
safely use 1,5 ox L.6 au the protection factor aftorded

waghielded persona on stroeets,
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Six~Floor Apartment Building
1. Discuasion

This building is situated on the cormer of two paved streets
and across the street from a school building and playground area,
Prior to an on-site inapection it was assuned that the playground
was completely paved, However, a portion of the achool ground haa
been fenced off for a garden as is shown on the map (Figure E-6) and
in the photograph (Figure E-13). The analysis which was accomplished
prior to the visit asmumes that this area is paved and ia a part of
the school playground, Inasmuch as thie playground is directly in
front of the building housing the detector, it was included in the
total ground surface arsa to he decontaminated, The areas behind
the building consisting primarily of smaller structures, alleyways,
and a backyard, with nany obstructions, wera not considered suitable
for decontamination.

For o First-floor detector, if only the roof of the building
wors darangnainnted, ahnout onn-third of the radiation intenaity would
be removed; {f only the ground surfaces (streats and playground) were
decontaminated, about one-half of the radiation incenniéy would be
removed, 1f both of thase areas (roof and ground) were decontaminated,
more than four-fifthe of the radiation intensity would be removed,

2. Analysis Data

(a) Address: 81 Weat 182nd Street
Broux, New York City
New York

(b) Detector Location: First-floor (Three feet high)
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{¢} Mormal Protection Factor: PF = 45
(d) Decountamination Areas:
(1) Roof: 9918 sq. ftr, tar paper surface.
(assumed equivalent to tar and gravel)
(2) CGround Level: 15,000 sq. ft. (asphaltic concrete on
West 182nd Streat)
16,000 aq., ft. (asphaltic concrete on
Aqueduct Avenue)
13,000 sq, ft. (asphalt on P.§, 91
playground)
(Roof = Area Number 1; Ground Level = Area Number 2)
(¢) Ideal Intensity Reduction Factors:
*
(1) Rnof: fl 1" ,641
?
*
(2) Ground Lavel: f2 1 " . 494
! * " * .
(3) Roof and Ground Combined: F, = f + f - 1= 135
1° 1,1t 2,1
(f) Cost and Effectiveness Data for Selected Mathods on Individual
Areas
Strategy Arca Misa Intenaity Team Crev
Tdentifi~ (Use Nos, Reduction  Reduction Hours Dose
cation from (d) Factor Factor of in
Symbol above) (Ei) (Fi j) Effort Roentgens
]
FIG1 1 .0l , 645 1.42 14,2
FIG2 1 .03 .652 .7 7.1
FT1G3 1 .07 . 666 X! 4,3
FIG4 1 .12 L 684 .28 2,8
$S1 2 .04 . 514 i.76 17.6
S84 2 .15 . 570 b 4.4
Vs1 2 .02 . 504 1.76 17.6
MF1 2 .02 . 504 b4 4,4
F1 2 .02 . 504 8,80 88.0

*
See Tables E+I and ¥-TT for description of symbols,

**crew duse in roentgens 18 calculated assuming decontamination at 1H2 weeks
with an W] reference intensity of 10,000 r/hr,




() Combined Strategies:

Stra tagy

LI2 5SS

Identification
Symbol and Area

FIGl-1 + 881-2
FIG1~1 + Fl-2
FI04-1 + V81-2
FIG4-1 + 884~2

Intensity
Raduction
Pactor, FL

.139
149
.188
. 254

- E-46 -
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3. Map

FIGURFE ¥-6,

Ground
Surface
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West 182nd Strent (Note: largs drain onm corpei)
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FIGURE E-9

FIGURE 2-10

Viev of Side Alley
E-49




FIGURE E~11

1

FIGURE E-12

View of Playground 2nd Garden Area

(Wote: iron fence ayound garden)
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5. OQutside Detector

{(s)

®)

(c)

Location of Detector: In centar of playgreurd Across the
street from original building studied, (Thres fest off
ground).

Original PF at site of detector T LLLTT ELETELLLS U9 -
£¥1¢ for individual planes

f; 2! (playground, i.e., plane above which datector
?

is located) «-=-~ rnenamanunwnsunsnnannanneens (1536
f; J¢ Streot in front of butlding =-s---=-=- cecmenas ,963
»
WA * L 1=.019

Fyomfyathhn-
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Six-Floor Apartmcnt Building

1. Oisousaion -
This building is typical of many multi-family dwellings located

in densely populated areas, It {s surrounded by other buildings,

narrow alleys, and congested paved arcaa, In order to provide for

a complete decontanination oparation, thesc arsas, particularly the

parking lot shown in Figure E~16, would have to be clearad of parked.
vehicles and other ohstructiona, In this instance, howsver, all but

about one-fifth of the radistion intensity at ths second floor can b

ramovad by dacontaminating the buildings roof, the paved alley, and

atreet directly adjacent to ths building, The garage roof, parking B
lot, and othar paved areas account for an additional five per cent

of the radiation inteneity,

2. Apalvsis Deta

(a) Address: 362 West 52nd Streat
Manhattan, New York City
New York

(b) Detwctor Location: BSecond Floor
(¢) Normal Protection Factor: PF = 73
(d) Decontamination Areas:
{1) Ronf (Primary): 2,400 sq. ft., compoeition shingle,

(2) Alleys: 1,400 sq, ft, asphaltic concrete (behind
building and garage).

(3) Road Arca Directly in Front of Building: 6,000 sq. ft,
asphaltic concrete (West 52nd Street),

(4) Parking Lot, Garage Roof, Road Area in Front of Parking
Lot: 9,200 sq. ft. (asphaltic concrete paxking lot),
2,100 sq. ft. (composition shingle garage roof).
7,500 sq, ft, (asphaltic concrete road in front
of parking lot)

- E-52 -
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(¢) TYdeal Intensity Reduction Yactors:

)

(3)

*
Roof (Primary): fl " . 583
)
*
Alleys: fz,l - 774

an

*
Road Area in Front of Building: i3 1" .836
1 3

Parking Lot and Aasociated Road Area, Garaga Roof:

* .
f‘o,l = 950

All Dacontamination Areas Combined:

%* W * »* ¥
Fl - fl,l. + fz)1 + 53'1 + fl"lf « 3= 143

(£f) Cost and Effactivencss Dava for Selacted Mathods on

Individual Areas:

Strategy Area Maas Intensity Tanm Crew
ldentdfi- (Use Mos. Reduction  Reduction Rours Dore
cation from (&) Factor Factor of in Yot
Symbol* ubove) (&) (t, Bffort Rosntgans
1 ]
FC81 1 .03 . 396 .20 2.0
FCHI i .08 616 .04 W4
val 2 .02 . 780 .06 .6
vs2 2 .09 . 794 .03 3
881 2 04 +783 .06 ]
§83 2 09 9% .02 ]
881 3 04 .843 24 2.4
884 3 , 09 .851 08 .0
Vsl 3 .02 .839 24 2.4
vs2 3 .09 .851 12 1.2
MF2 a 0% 843 .02 .2
Fl 3 .02 .839 1,20 12.0
F3 3 07 .847 .24 r

(g) Comhined Strategies:

Strategy Inteneity Total Man-
Identification Reduction Hours of
Symbol andgirea Factor, 1:‘1 Rffort
FCS1-1 + V81-2 + VS1-3 .215 1,50
FCS3-1 + V82-2 4+ VS52-3 .261 .39
Vi2-2 + V82-3 . 645 .15
$81-2 <+ §81-3 .626 .30
FCS1-1 + F1-3 L4355 71.39
FCS1-1 + ¥F2-3 L 439 1.22

*See Tables E-I and E-II for description of symbols,

**Crew Dose in troentgens is calculated assuming decontamination at M2 wecks
with an W+l raference intensitv of 11,000 r/fhr,
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3. Map

FIGURE E-13. Locatiop Mep of Decontamipation Arcas
4 @
— ® P :__,_.--.'g o
t | 1 f
{ ] I ]
| portl i
! . \
| ' |
| |
f
1

L

gl IllllllIlllllllﬂlll‘!hli —

m\muvnummnnmmmm\

;a
Jv}gn w ! Tu’-&L

¢ fixe hydrants

principal building

adjacent buildines




ey 0B HE wu ..

N e e B L

ot Wik SRl ~’

el

g

ew of the Narrow All
L

b LGURE

LY

E-14

ey Behind Building




FIGURE K-17

Viewv of Tunnel to Reax Aliey
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FIGURE E-19

View of Roof (Note: three fuol;
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The Pelmolive Tost Bullding on Bark lvmln Nev York Cit:; is a
twanty-one um'bfim bullding situated swong other kail buildings -
which would provide considerable shielding frem ndhﬂéif'.iml.ty.'
Tho fourth £loar detactor is sufficiently fax from the roof so e—ua
none of the intensity raceived at the detector dames fo0l the mt.: )

Almost all of the radiation intensity comes txom the paved roads and

and sidewalks directly adjacent to the building itself, A ssall part -

of the intonsity would come from the garden 1sland areas {n the middle

of Park Avenue. Lt is beligved thai this arvea could not bs decontami- '

nated caanily,

2. Anslyelo Deta

(a) Addresa: 310 Fark Avenue
Hanhattan, New York City
Nov York

(b) Detector Locationt Fourth Floor - (Threa faodt off floor)
{c) Normel Frotectiom Faciowi X0 = 2%
(d) Decontamination Arcas:

(1) Park Avenua: 110,000 rq, ft. ssphaltic c&ncrﬂe road
and cement sideowalk

12,000 sq. ft. asphaltic conerete road
and coment sidewalk,

(2) Other Roads: 42,000 sq. fE. asphaltic concrete road
and cement sidevalk,

(e) TIdeal Intensity Reduction Factors

(1) Park Avenue: f L " L 938

B

oo~ %

(2} Orher Roads: f = 611

]

]
*

(3) All Rosd Sorfaces: ¥, = . 044
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{f) Cost and Dffeciivavess Data fox Salected Mothods on

Tndividual Surfacea:

Strategy Arza . Maus Intensity Toam
Identi fi- (Upa Nos, Reduokiod Meduciion  Howts
zatlon, from (d) Pectsr - Factor Cof
Sywbol above) * i) (ft, j') © Refort
881 ) .04 456 4,08
884 1 .13 .5ie 1.22
Vsl 1 .02 b2 4.88
Va3 1 .25 373 1.22
Mrl 1 .02 42 1.22
m 1 07 473 'N: ]
§81, 2 .04 . 627 1,58
884 2 15 669 0.
vl 2 02 .619 1.68
Va3 2 .23 . 708 0.42
MrL 2 .02 .619 0,42
F3 2 07 638 1.68

(g) Combined Strategies:

SBtrategy Intensity
Ydentificarion Reduction
Symbol and Area factor, ¥, ) Rftart
584=1  $84dn2 . 187 1.64
851-1 + 851-2 .083 6. 56
HFl~1 + MF1-2 . 061 1.64
¥3-1 + F3-2 111 32.40

*See Tables k-1 and E-IX for description of symbels

Sk
Crew dose in voentgens is calculated assuming decontaminetion at He2 weeks
with an B reference intensity of 10,000 r/he.
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3. Map

FUGURE E-20, Joeation Map of Decontamination Areas
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Some Photographs of the Associated nated Surfaces
FIGURE E-21

wAth dexden in Center of Road)

FICURE 5-22

View of Essg 49th Street
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Vigw of Sidewalk and Fireplug ou
Esst 49th Street
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FIGURE E-25

PIGURR B~26

A Drain on the Roof
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Genexal Dvestuffs Coxporation
1. Dlacyesiom

Tha General Dyeatuffe Coxporation is similar to the buildipg ia
Sectior C in that a garege Toof is one of the decontaminailon surfaces,
Here, this roof accounts for more than one-tenth of the vadiatiom

intensity on the fourth floor and is thavefore distingaiwhed am a

senarate decontamination area in the analysis.

All brick pavements were assumed to bo equivalent to asphaltic

concrete when eetimating the effectivenass of the decontamination

aquipmant,

2. Analveis Pets
(o) Addrass: 435 lMudson 8tvact
Manhaitan, Naw York City
New York
(b) Detsotor Location: Fourth Floer
(¢) Normal Protection Factor: PP = 12§
(d) Decontamination Areas:
(1) All Roads: 110,000 aq, £t,
{2) Parkiag Lot and Playground: 36,000 sq, £t.
(3) Roof of Adjacent Garage: 4,000 a8q, 2, .
(e) 1Ideal Intensity Reduction Factoras:
(1) Roads: £ )

(2) Parking lot and Playground: f; L " .991
1}

= 123

3) Roof of Adjacent Garage: E; 1 - .87
1]

(4) Above Combined: ¥, = 001

- E<64 -




Individnal Axeas:

(f) Cost and Effectiveneans Dste fer Selected Methods on

G i el e e el M WM Gy Sy MR pewy e et G GRS B o
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Strategy Area Mass Ingenaity Tean Cxew
Identifi-~ (Use Nos. Reduction Reduction Hours ige
catlon, from (d) Factor Factor of in
Symbol abave) (EL) (!1 j) Effort Roentgens
?
881 1 .04 . 158 ., 40 44,0
884 1 15 .255 1.10 11,0
vl 1 .02 ., 141 4 K0 &4, 0
V83l 1 28 . 342 1,10 11,0
F3 1 .07 .184 4,40 44,0
881 2 .04 . 991 1,44 14,4
Vsl 2 02 . 991 1.44 14.4 :
MF1 2 02 . 991 0.3 3.5
Pl 2 .02 ,991 7.20 12,0
FC51 3 04 .890 A3 3.3
FC82 3 .08 . 896 .07 o7
(g) Combined Strateglas:

Strategy Intenaily Total Man~
Identification Raduction Hourz of
Symbol and Area Factor, Pl Effost
8341 4 831-2 + resi-3 138 4,52
884-1 + M081-3 145 3.08
F3-1 + Fl-2 + FC81-3 065 59;48
$51-1 + FCS1-3 048 6,38

*See Tabies E-I and E-II for description of symbola,

ok
Crew dose in roentgens is caleulated arsuming dacontamination at H+2 weeks
with an W1 reference intensity of 10 000 r/hr,

E A



3. Map
FIGURE E-27. Lgeation Map of Decoplhapination Arcan
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Some Photographs of the Assoclated Contaminated Suxfaces

FIGURE E-28

view of Bulldling fxew Hudaon Sireet,

gy in

FIGURE E~29

View of Interscction of Hudson Strest and
Morton Street, (Note; brick pavement, fire-

plug and sewex)
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FIGURE E~30

FICURE ©-31

Playground (Nete: two drains in center)
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FLGURE B~32

View of Hudson Btrest spd Eidewalk
Axasg from Rool

FICURYE R-33

View of Parking lot and Adjacent Carage

Roof, (Note: depression area on garage roof)
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This hHullding 1a surzounded by lg;ac paﬁnd areas which could
easily be docontaminatad, About half ot the xadtation intensity ¢9t~~'ﬂ";~¥k~'
the se¢cond floor could be romoved by decomtamination of the plv‘d}’A E
ground-level areas arourd the building, A <omplete dacontamins iion
of tha roof and the pavid areas neay the building would remove wore
than 95% of the radistion intensity.

2. Apalyals Dagta

(a) Addreus: Benmnatt Htreet
Boston, Mageachusatte

(b Detactor lovacion: &econd Floox (Three faet off f£loor)
(c) Normal Provection Factor: FIF = L16
(¢) Ducontenination Araas:
(1) Roade: 5,000 %q, ft. (asphaltic concreta)
(23 Barkivg lot: 10,040 sq, ft, {saphalt)
(3) Playground: 23,750 eq, f£t, (asphalt) ) )
(4) Raof: §,700 agq. tt, (@anunud to be tﬂ¥~iﬂdtlflV!l) -
{¢) Ideal Intensity Reduction Pactors:

(1) Roada: E; L= 98
]

(2) Parking Lot: E: 1" .78%
3
(3) Playground: E* = 757
3,1
*
(4) Roof: £, , = ,513
4,1
(3) Ground Areas (1,2,3):

(6) All Areas (1,2,3,4): F, = .017

- %

[ ]
]
g
- ER e
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(f) Cont and Effectivenaps Data for Sklecimd Wileds o0

Individual Areas:

hind  peml pesy Gy Pee ONIE O GBIE  mam

W =1 Pordic i g

P M A Lome e

Strategy Aren Mass Tateavity Taan Crow
Identifi- (Use Nos, Reduction Reduction Houzs ea
catlon, from (d) Factor Factox of in h
Symbol above (!L) (¢ N J) Eftayt Hositgens
+ R -
884 1 .15 . %% .0y i
MFL 1 L0 . 949 .03 v H
883 2 R0 808 .13 1,3
V83 2 .25 , 842 10 1.6
MFl 2 Q2 . 793 10 1.0
583 3 .09 .788 .31 L1813
551 K] .04 T V85 2.5
Vi3 3 .25 .B2Y 1 2.4
MFL 3 02 A9k 24 1.4
POSY 4 .03 . 538 9 %9
Y083 4 08 . 552 .07 .7

{g) Combinued Stratoples:

Btrategy
Tdeutificagtion
Aymbal and Arven
VEI-2 4+ VE3-)
8S4-1 + V83-2 4 V83-3
5583-3 4+ 543-2
HEL-1 + MFL-2 + MF1-)}
FCR1L-4
8984-1 -+ 583~2 4+ 85373 + POS3-4

Iatenatcy
Raduction
Yactor, Fl

L

s

.b67
3
. 596
L 514
528
.G92

*
See Tables E-1 and E-II for deacviption of sywbals,

LK
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Total -
Wours of
Ettore

‘YM N
.39

+ 39
2.34
JE9

14 . X
Crew doye in voentgens is calcuiated asswning docontmmination st M2 weeks
with an W+l rceference intensity of 10,000 r/hr, '
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FIGURE E~34,

Pricce Strent.
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4, Some Photographs of the Associated Contaninated Surfaces

FIGURE E~36

FIGURE E-35
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View of Building from Rennett Street Playaround




Simonds Fress Puildirg
1. Discussion
fiere, the uecectoxy is located in the besement of the Simonds Press
Building. Because the detector is located halow t;te 3:@@ level,
almost all (89 per cent) of the radiation intensity cowmes from the roof.
The five degree pitch of the roof and the sharp incline of Ely Streat

might provide excellent drain-off for wet decontamination methods,

¥
2. Analysis Data I
{8) Address: 37-49 South Avenua .
Rocheater, New York '
(k) Detector location: Basement '
(c) Movmai Protection Factor: IF w 47 '
(d) Decontamim tion Areas:
(1) Roof: 10,000 sg, ft, (composition shingle -3¢ pikch) l
(2) Grouwnd Leval: 25,000 sq, ft, (asphrltic concrsts =
South Averue) a
8,930 ag, ft. (brick - South Kater Streat)
1,780 =g, £x, {(brick - Ely Shzens) i

B RATLY poed

2,800 »q. ft, (usphaltic concrate + parking
lota)

BBO gn. Ft. (asphaltic conerats ~ Bly
Streat extension),

wyi  duas Inteasiiy Reduction Fscters:

{1) Roof: f e 311

*
1,1

*
(2) Ground Level: f? y = 896

*
(3) PRoof and Ground Combined. Fl = 007

™
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(f) Cust and Effectivenass Data for Selicted Mathods om

Tndividual Areas:

Strategy - Area Maes Intensity Team Crew
Identifd-~ (Use Nos. Reduction Reduction Burs Dose
cation, from (d) Factor Factox of in oy
Symbol above) (Ei) (£1.j) Rfforr Ioentgens

FC3S1 1 .03 138 .83 4.3

FC83 1 .08 .182 17 1.7

F3 2 .07 .903 1.58 15.8

MF2 2 .04 . 900 .12 1.2

(g) Combined Strategies:

Strategy Intensity Totrl Man-
Identification Baduction Hotivs of
Symbol and Area Factor, !l BEfort
FOSL-1 + WF2-2 .038 4,68
FCE3-1 + MF2-2 . 082 1.22
FC83-1 + ¥3-2 .085 €.92
FCS3-1 .138 4,00

PR

*
See Tables E-T snd ¥-IY for descyiption of aymbole,

ok
Crew dose in vaentgens is calculated arauming degontamivstion st HX2 weeks

with an Bl refev:nce intensity of iR, 060 rihy.
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4.  Some Photogravhs of the Associated Contaminat




View of Bullding from Tntersection

of

South Avenuer 2nd Ely Street
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*
H. Department of Interior

1, Qiscuaaioﬁ a
The original protection factor of this building on the
third floor it quite high. Furthermore, most of the intenaity would
be from fallout ir four inmer c.-rmz.'t Qrean (Séa map, Figura E-42}.
If the fnner courts are decontaminated, niuout 99 per cent of »
all radiation incensity is removed from a location in the centerw of

the court Ltself,

(a) Address: 18th and C Strecets, R, W,
Washington, D. C.

(b) Detector iocaticn: Third Floor
(c) Normal Protection Factor: PF = 1090
(d) Decontarination Areae:
(1) Interior Courts: 23,400 sq, tr, (ussumed to be canurate)

(2) Roads: 800 sq. ft. (asswmud to be asphaltic conerete -
19th Street, N. W.)

1200 uq, ft. (asaumed to be asphaltic concrete -
18th Street, N. W.)

(¢) 1deal Intensity Reduction Factors:

*
(1) Interior Courts: fl L™ L3192
14

(2) Roads: - 818

2,1

3
(3) Courts and Roads Combined: Fl = 210

v
“Sub-section 4 not included in this section inasmich &8 no photographs weze
available.
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(£) Cost and Effectiveness Data for Selected Methods on

Individual Surraces:

Scrategy Area Mags Intenaity Tean Crew
Identifi- (Use Noa, Raduction Reduction Houis Dose
cation from (d) Factor Factor of in .
Symboi* above) ('Ei) (fi j) Effort Roentgens
]

¥l 1 .02 604 4,58 46 . 8

] 1 07 XA 7 9.4

Fi 2 02 .822 2.02 20.2

F3 2 o7 .831 .40 4.0

MFZ 2 B4 825 Nt} .1

V&3 2 25 .864 LOZ R

564 ? 15 845 .02 .2

(a) Combined Strategies:

Strategy Intensity Total MHan-
Tdentification Roduction Hours of
Symbol and Arca Factor, Fl Rifort
Fl-1 + Fi-2 L2268 33.40
Fi-1 4 ¥3-2 .265 6,70
F1l-1 Lh04 23,40

x
Sce Tables E-1 and E-1I1 for description of symbols.

ok
Crew dose in roentgens is calculated assuming decontamination at B2 weeks

with an ¥+l reference intensity of 10,000 r/hr.
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3. Map

FLIGURE E-42, iocation Map of Decontamination Areag
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OQutside Detector

(a) location of Detector: The center of any of the interiox

courl sectiona.

(b) Original PF at site of detector---------~cemeacwan 1.61
* .
() F2 for court = 0 (all of the dose rate contributiom comes

from fallout in the court icself),
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A Three-Story Department Store Building

1. Discussion

is three-s’ 2ry building can be cffectively decontaminated,
All but about one-one thousandth nf the intensaity reaches the
second- floor detector from the roof and the streets in front of
and on two sides of the building. There are no narrow alleys,
trees, or other sources of stray contamination in the arvea,

2. Apalysis Data

(a) Address: 619 Main Street
Houston, Texas

(b) Detector Location: Second Floor
(¢) Normal Protection Factox: FPF = 26
(d) Decontumination Areaa:
(1) Roof: 9,400 8q, ft. (aspumed tar and gravel)
(2) Roads: 68,300 sq. Et. (aswumed ssphalcic concrate)

{¢) TIdeal Intensity Reduction Factors:

*

(1) Roof: f, 1" 382
4y
¥*

(2) Roads: 1’2.1 = 619

%
(3) Roof and Roads Combined: Fl = (Nl

- E-84 -
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(f) Cost und Fffectiveness Data for Selected Merhmds

and Individual Surfaces:

Strategy Area Mass Inteansity Team Creaw
Identifi- (Use Nos. Reduction Reduction Hours Dose
cation, from (d) Factor Factor of in
Symbol above) (Ei) (f1 J) Effort Rosntgene
L
FIGL 1 .01 .388 1.34 13,4
FTC4 ] .12 . 456 0.27 2.7
851 2 .04 .H34 2.73 27,3
S84 2 8 676 0.68 6.9
vs2 2 .09 .653 1,37 13,7
MF1 2 .02 627 0.68 6.8
MF2 2 .04 L6346 0.20 2.0
(k) Combined Stretegies:

Strategy Intensity Total Man-
Tdentification Reduction Houra of
Symbol and Aves Factor, ‘Fl Effort
FIG4=1 -+ 584-2 .132 2.57
FIGL-1 + §51-2 .022 12.11
PiGi-i + WFL-2 .015 10,06
PLGA-1 + V82-2 .109 3,20
*Son Tables E-1 and B~T1 for a descrintion of symbols,

**Ltr;-\; gose ia voentgens i3 ealenfated assmuming decontamination at H+2
weoks with an 11 v feveare isternsity of 10,000 r/hr,
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Map

FIGURE E-43,

Streets
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(_e) Ideal intensity Reduction Factoxs:

(1) 4th Floor Roof:

*
fia

= 732

*
(2) 14th rloor Roof: fz 1" .885
]
*
de: f »w 843
(3) Roade 3,1 ,
(4) Parking Lots: fl' L™ .870
?
*
(5) Grass Lawns: f - 0992
5,1
: *
(6) AllL above: Fom 322
(£) Cost aud Effectiveness Data for Selectnd Methods on
Individual Surfaces:
Strategy Area Mans Intensity Team Craw
Tdantifi- (Use Nos. Reduction  Reduction Hours Dose
cation, from (d) Factoy Factor of in etk
Symbol ahbove) (Ei) (fi j) Effort Roantgens
1
FC81 1 .03 40 .59 5.9
FC83 1 .08 753 12 1.2
FC81 2 .03 .808 .08 6
FC83 2 .08 .894 i) .1
881 3 .04 849 8.04 80.4
884 3 .15 .867 2,01 2.1
vs2 k] .09 .857 4,02 40,2
MF2 3 .04 849 .60 6.0
881 4 .04 .875 2.9 29.2
884 4 .15 .890 72 7.2
V82 4 .09 .882 1.644 14.4
MF2 4 .04 .875 W22 2,2
(g) Combined Strategiea:

Strategy Intenaity Total Mau-
Identification Reduction Hours of
Symbol and Area Factor, Fl Effore
FC53-1 4 FC83~2 + V82-3 + VI -4 .386 8.70
FCS1-1 + FCS1-2 + VS2-3 + VS2-4 .367 9.36
¥CS1-1 + FCS1-2 .628 3.90
MF2~3 + MF2-4 . 724 0.82

*See Tables E-I and E-II for a description of symbols,

’l‘-l.
Crew dose in roentgens {8 calculated assuming decontamination at H+2
weeks with an W1 reference intensity of 10,000 x/hy,
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3. Map
FIGURE k-46., ILocation Map ef Decoutgmination Areag
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Some Photographs of the Aagociated Contamipated Suxfaces

FIGURE E-47

view of Build arsagt of 1
and Chececnug Skxreet

FIGURE E~48

View of Building from Pine Street
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View of

FIGURE E-~49

the Building from 10th Street and Chestnut Stxreet

FIGURE E-50
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Fictitious Building - Parametric Study

1.  Discussion

This study is included in order to analyze the effects that
certain physical parameters have on the intensity reduction of
decontaminating a variety of individual contaminated planes. For
this study, a fictitious ten~story structure was conccived, and a
detector was placed on each of the first five floors. These detectors
are centered in the building as is shown on the map (Figure E-51),
They are three feet from the floor in each case. The map also shows
the individual surfaces which can be decontaminated, 7Table E-VI
assigns a Surface Number to each of these potential contaminated
plancs.

Table E-VII shows all of the pertinent building data necessary
to calculate the reduction of radiation intensity due to removing
all of the contamination from any single contaminated plane, Tables

* . valuas for all of the parametric

iy
studies. These studies arc designated Parametric Studies I, II, III,

E-VI11 through E-XI show the f

and IV. ~The conclusions drawn from these tables are Included in
Section A-3 of this chapter. The (I,j factor is simply the fracticn
of radiation intensity remaining at the detector on floor j when
the contaminated plane referenced by Surface Number 1§ 1is dacontami-

nated perfectly. The original residual number and PF associated with

cach detector are also shown on Tables E-VIII through E-XI.
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3. Map

FIGURE E-"1, Locaiion Map of Pavametric Study
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7, Analysis Data

TABLE E-VI

Designation of Surfaces which can be Decontaminated

Surface Number (See Figure 2-44) Desc on

1 9 story building north of detector location (120 ft. x 60 ft.)
2 31 story building east of detector location (i20 ft. x 60 ft,)
3 2 story building south of detector location (120 ft, x Qﬁ-fe.)
4 6 story bullding weat of detector location (izv f+, x 60 £t,)
5 40 §t. wide road west of detector location

6 40 ft. wide road east of detector location

7 40 ft, wide road svuth of detector location

8 20 ft, wide alley north of detector 1c¢ ntion

9 Parking lot in NE corner
10 The three unpaved fielda

All pavement in the {ntersections are considered part of the

two north-south rondways,
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TABLE E-VI1
Bujldipg Data for Nypothetical Building Study

Building Data for Parametric Studies T, XI, and ILL

L. numbexr of storfed-----=-ceccmsuemcccacnacaens 10 {detector located on
first five £loors)
2, number of azimuthal sectoxm---=-~= Seememann- - 12
3. total heigh® of building--==---"=vcan- as=eu= 100'
4.  height of each BtoTy~--=~==r-mecccaccecaeaca 10!
5. roof weight--==c-eccccencaa SRR T LY sem=== 60 paf
6. exterior wall weight=-r~--~-ccecwe- mecenaancan §0 paf
7. windows: 6lll height--~--«-eeccececcncncanon - 3
top of window heighte==m+manvacuan 8'

(window widtha total to about 50% of thae axtezrior wall width).:

8. building dimensiong==<=servommc eacann ~-=nan 60' x 120

9. Floor weights are shown on individual charts,

Building Dets for Paysmetric Study IV.
This building is like that for studiea I, II, and III execept for

the following:

1.

Z,

The north wall of the building has no windows
The west slde of the detector has additional protection irom

an interior partition (10 psef).

- E-96 -
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TABLE E-VIIL

Values for Param

etric Scudy

-t

Parametric Study I:

All Floor Weights = 37 psf

L]
Values of £
i,

J
floor § 1 2 3 4 5
Surface
numbeyx 1
1 1 1 1 1 1
2 1 1 .999 . 965 . 935
3 1 .998 .930 921 . 918
4 1 1 1 1 1
5 ,803 ., 849 ,885 .913 919
6 .787 .826 .860 .847 874
7 .795 .797 .795 .984 844
8 .843 ,899 951 957 972
9 .956 , 930 912 958 220
10 .815 .73} 684 . 680 699
original
reajdual original
floor (§) numbor PF
1 .0322 31,07
2 L0265 37.71
3 L0234 42.79
4 .0225 44,42
5 , G209 47.88
Ysee Table E-VII
- E-97 -
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TABLE E-IX

=y

Parametvric Study II: All Floor Woighta = 17 paf

Values for rarihatric Study i

floor j§ 1 2 3 4 3
Surfare }
number {1
1 1 1 1 1 1
2 1 1 .998 .970 . b
3 1 . 996 .94 . 902 .901
4 1 1 1 1 1
5 .BOS .859 .891 924 930
6 .788 . 835 .869 884 894
7 . 790 . 797 ,810 857 869
8 .848 .891 .91 971 976
9 .956 .928 901 903 913
10 814 .695 L6585 643 676
original
residual original
fleor (§) numbar PF
1 . 0340 29,37
2 , 0352 28.38
3 .0289 34,57
4 .0282 35.50
5 0270 37.08

*Soc Table E-VII
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TABLE E-X

*
The | Yalues for Parametric Study ITIT

Rarametric Study IXI: All Floor Weights = 57 psf

floor j 1 2 3 & 5
Surface B -
number {
1 1 1 1 1 1
2 1 1 . 999 .961 L961
3 1 .999 . 923 .934 L931
4 1 1 1 1 1
5 .803 .B43 . 881 .906 LIl
3 . 786 .819 .855 .85% .860
7 .797 .797 .785 821 827
8 .B42 . 906 . 950 965 .969
9 L957 .931 . 920 924 .925
10 810 L7032 .703 .103 L7115
original
residunl original
1loor (1) number P
1 .05 31.73
2 L0226 Wy, 25
3 L0209 47,78
O L0200 49,98
R .0182 55.03

Thee Table E-VI1T
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TABLE E-XI
*

The f: j Values for Parametric Study IV

Paramctric Study IV: All Floor Weights = 37 psf

floor J 1 2 3 4 5
Surface
number 1
1 1 1 1 1 1
2 1 1 1 1 .998
3 1 .999 .936 .910 . 941
4 1 1 1 1 1
5 .879 .893 .914 . 931 .932
[J .791 .818 .B69 .891 .887
7 L7137 734 L7137 772 .793
B .88 . 917 .965 .979 .986
9 . 951 .923 .908 .910 957
10 .B17 . 694 .680 .658 .657
original
residual original
floor (i) number PF
1 L0317 31.51
2 ,0250 39.9¢
3 .0221 45,33
4 .0200 49.88
5 L0175 57.29

¥,

“See Table E-VTI
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Unghiclded Detector on Streets - Parametric Study

Table E-XII shows cumputed protection factors tor persons
standing in the m{ddle of an lSphﬂlt* street as shown in Figure E-45
for various widths and lengths of contaminated roadway. All of the
radiation intensity at the point Les received from fallout on this
single piece of road (1.c., within thec areas designated in Figure

E-52, This would be the case if buildings lined both sides of the

street,
TABLE E-XII
Eguivalent PF Obtained by Remgying all
Contnminﬁtiun Except_on Straight Road.
Length (feet) Width (fcet) PF
1000 60 1.57
200 60 1,57
100 60 1.59
a0 60 1,71
1000 40 1.67
200 40 1.67
106 A0 1.68
50 40 1.79

FIGURE, F-4%2

Straight Road

Bui fdings
lkkkeh Ll Ll L LALL LSS LLE S L LS
Coataminated Road Area !
o (Tengthy >
S | width
| Detector
lLutation |
e ayay s 7 A A A B B A A i B 4V AV v v S AV 4 4
Buildings
TThe soround roughness tactors used were those associated with asphalt,
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Table E-XIIY shovs computed protection lactors for person-

atandiog i a T -~ shaped street intevs <oon as shown in rigure

E-53 for various lengths ot wilthe of the intersacting roads,

TABLE E-XIII

Equivalent PF Obtained by Removing all Contaminatjion
Except that on T - Shaped Intersection

Length Ll ({eet) Length L2 (feet) Width (feet)

Both Streefs
5300 1000 60
100 1000 60
50 1000 60
0 1000 60
50 200 60
50 100 60
50 50 60
500 1000 40
100 1000 40
50 1000 40
0 1000 40

FIGURE E-53

T - Shaped Street Intersection

Buildings f-»'-- — P Butldings
4
Ly 2
WAPW N L ki L{-J—-LL
Lok L L L _.‘LJJ_L \
L4 elector i
{dti
: Locatidn whErh
NS S arar iy v iar S v A A I A Sl iy AU AR A S 4 }/7/777# o7
— LZ ___._;( Puildiugs
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L.54
1. 54
1.55
1.57
1.55
1. 56
1.57
1,63
1.63
1.64
1.67



3.

in the center of a full four-way interzcction for variaus vwoad wiGchs

and lengths as designated ia Figure L 54,

Length L1 (feet)

Full Four-way Street Intersections

Table E-XIV shows computed proter:ion fac.uvis i.. p=rsuns standing

TABLE E-XTI%

Equivalent PF Obtained by Removing all Contamination

Except that on Four-way Intersection

Length L2 (feet

)

1000
1000
1000
1000
1000
1000
1000
1000

WIS EEESYL

1000
200
~100
60
1000
200
100
40

FIGURE E-54

Width (feet)
Both Streets

60
60
60
60
40
40
40
40

Full Four-way Intersection

Buildings

AN N N N VN
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PF

L47
L47
.30
.57
.50
.51
.54
.67
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4. dypical Protection Factors of Unshieclded Detectors on Streets

Tahle E-XV shous auma typical protection factors afforded to

unsteielded ingi:

intersections,

Road Width (feet)

duals loceoved

TABLE E-XV

Equivalent PF from

60
60
60
40
40
40

*
Typical Contaminated Streets

Detector lLocation

Center
Center
Center
Center
Center

Center

of Straight Road

of T - Shaped Intorsection
of Four-way Intersection
of Straight Road

of T - Shaped Inte~section

of Four-way Intersection

‘i the center of varicus streets and

These values were selected from the preceding asections,

PF

1,57
1,54
1,47
1.67
1,63
1,50

*
All roads are assumed to bhe asphalt and arc lined with sufficiently tall
buildings so that all of the contributing fallout is on the street 1itself,
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